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METHODS FOR DETBCTING, IDENTIFYING, ISOLATING, AND 
SBLBCTIVBLY LABELLING AND TARGETING THl LM5PH0CYTES 
BY MEANS OP THE LAG-3 PROTEIN 



BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to methods for 
detecting, identifying, isolating, and selectively labelling 
and targeting THl lyir^hocytes and, more particularly, to such 
methods which use the presence of LAG- 3 protein on the surface 
thereof as markers for the identity of THl lymphocytes. The 
present invention also related to methods of treating 
infectious diseases, cancer, Thl -mediated diseases and 
disorders associated with an imbalance of Thl and Th2 cells. 

Description of the Background Art 

The lyit5)hocyte activation gene (LAG- 3) is a member of 

20 i"™^09rlot>ulin superfamily, that is selectively transcribed 

in human activated T (both CD4+ and CD8+ ) and NK cells (Triebel 
et al, 1990; see also WO91-110682) . The sequence data, the 
compared exon/intron organization, and the chromosomal 
localization revealed that LAG- 3 is closely related to CD4 

25 t^^i^^^^s et al, 1992). The close relationship between LAG- 3 
and CD4 was further strengthened by the demonstration that both 
share the same ligand, i.e., MHC class II molecules (Baixeras 
et al, 1992). However, in contrast to CD4, LAG-3 does not bind 
the human immunodeficiency virus gpl20 (Baixeras et al, 1992) . 

30 '^^ LAG-3 eoq)ression was neither found in primary 

lymphoid organs, such as spleen, mucosa-associated lymphoid 
tissue or normal lymph nodes. However, it was readily detected 
in inflamed tonsils, or lymph nodes with follicular 
hyperplasia, supporting the view that even in vivo LAG-3 is 
expressed following activation (Huard et al, 1994A) . The 
physiological role of encoded LAG-3 protein is still \mclear. 
Antigen- specific stimulation of T-cell clones in the presence 
of anti-LAG-3 monoclonal antibody (mAb) led to increased 
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thymidine incorporation, higher expression of activation marker 
CD25 and enhanced cytokine production (Huard et al, 1994B) . 
Accordingly, addition of a soluble recombinant form of LAG- 3 
inhibited antigen-specific T-cell proliferation, suggesting a 
5 regulatory role of LAG- 3 in CD4+ T-lymphocyte activation 
(Huard. 1995) . 

Studies of both murine and human CD4* T-cell clones 
have shown that CD4* T helper (Th) cells comprise functionally 
heterogenous populations based on their profile or cytokine 
production (Mosmann et al, 1986; Del Prete et al, 199i) . Thl 
cells produce interleukin (lL)-2, interferon (IFN)-7 and 
tumor necrosis factor (TMP)-^, whereas Th2 cells produce lL-4 
and IL-5. In the absence of a prominent differentiation of Thl 
or Th2 cells, the large majority of CI>4+ T-cells produce both 
Thl- and Th2-type cytokines (i.e., ThO cells) (Mosmann et al, 
1986; Del Prete et al, 1991; Sher et al, 1992; Romagaani. S.,' 
1994) . Recently, we have shown that human Thl and Th2 clones 
not only exhibit different functional properties but also show 
differential expression of CD30 (Del Prete et al, 1995A) , an 
2^ activation marker belonging to the TNF receptor family (Smith 
et al, 1990) . 

It has been suggested that Thl cells contribute to 
the pathogenesis of organ-specific autoimmune diseases while 
Th2 cells prevents them (Liblau et al, 1995) . Thus, it would 
be useful to have a simple way to identify and isolate Thl 
ce.lls to the exclusion of Th2 cells. 

Citation of any document herein is not intended as an 
admission that such document is pertinent prior art, or 
considered material to the patentability of any claim of the 
present application. Any statement as to content or a date of 
any document is based on the information available to applicant 
at the time of filing and does not constitute an admission as 
to the correctness of such a statement. 
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SDHMARY OP TEE INVENTION 
It has now been discovered that the LAG -3 expression 
is preferentially associated with CD4* T-cells addressed to the 
production of Thl-type cytokines. Thus, LAG-S expression can 
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be used as a marker to detect and identify Thi lyinphocytes and 
differentiate them from Th2 lyitqphocytes . Monoclonal antibodies 
against LAG- 3 can be used to detect and identify Thl 
lymphocytes which express the LAG- 3 protein. 
5 Furthermore, the LAG- 3 marker can be used to isolate 

Thi cells firom Th2 cells. It is known, for example, that Thl 
cells contribute to the pathogenesis of organ- specific 
autoimmune diseases while Th2 cells prevent them. Thus, 
autologous T- cells from autoinmiune disease patients can be 
10 subjected to separation into Thl and Th2 rich fractions ex 

vivo and the Th2 cells reinfused to help fight the autoimmune 
disease. The same is true for any disease or condition which 
is preferentially mediated by Thl cells, such as contact 
dermatitis . 

Another therapeutic method using the discovery that 
LAG- 3 is a selective marker for Thl lynphocytes is by means of 
immunotoxins using monoclonal antibodies specific for the 
extracellular portion of the LAG-3 protein. If a toxic moiety 
is attached to such antibodies by means well 3aiown in the art, 
Thl lymphocytes can be selectively targeted for destruction. 
By thus effectively shifting the balance of CD4+ helper T- cells 
from the Thl type to the Th2 type, Thl mediated diseases can be 
mitigated. 

Alternately, the anti-LA6-3 monoclonal antibodies is 
used to modulate the balance of Thl/Th2 cell population and 
polarize the differentiation of ThO cells to Thl cells. 

Labelled monoclonal antibodies against LAG- 3 can be 
used to selectively label Thl cells. Thus, if a radioactive 
label is used, the location of Thl cells can be followed by 
appropriate viewing means. 

Another aspect of the present invention is that anti- 
LAG-3 antibodies, either immobilized on a solid support or 
labeled with a fluorescent coitqpound, can bind Thl cells to 
separate Thl cells from Th2 cells. 

A further aspect of the present invention is to 
expand the isolated or enriched Thl or Th2 cells for reinfusion 
back into a patient from whom they were obtained in order to 
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increase phagocyte dependent or phagocyte independent host 
defenses, respectively. 

In addition, the present invention also provides a 
method for diagnosing Thl -mediated diseases or disorders by 
5 . measuring in a fluid sample from a patient the amount of 
. soluble LAG- 3 that is bound to soluble LAG- 3 speciric 
antibody. 

Accordingly, the present invention is directed to all 
of the above methods for using the discovery that the LAG- 3 
protein is preferentially associated with Thl lymphocytes. 

BRIEF DBSCRJP7I0N OP TBE DRRWISK^ 
Pig. 1 shows the kinetics of membrane LAG- 3 or CD30 
e3q)ression and cytokine production by antigen-activated human 
T-cells. T-cell lines specific for SK (upper part) or Der p l 
(lower part) were generated from PBMC of normal subjects, as 
described in Example i. On day 0 and after 6, lO and 14 days 
of culture, viable T-cell blasts were washed, counted, 
resuspended in fresh medium, and assessed for both membrane 
LA6-3 (•) and CD30 («) expression by flow cytometry, as 
described in Example 1 and shown in the left- side graphs. At 
the same time intervals, T-cells (lO'/ml) from each line were 
also restimulated for 24 hr with PMA plus anti-CD3 antibody and 
culture supematants assessed for IPN-7 (•) and lL-4 
(o) content by appropriate ELISAs, as described in Exan^He 1 
and shown in the right-side graphs. The results represent mean 
values ± SB obtained with cells from three different donors. 

Fig. 2 shows the up- regulation of membrane LAG- 3 
expression by lL-12. T-cell lines specific for tetanus toxoid 
(TT) generated from PBMC of normal subjects in the absence 
(□) of IL-4 and IL-12 or in the presence of IL-4 (s) or in 
the presence of lL-12 (■) , as described in Example 1. On day 
10 of culture, viable T-cell blasts were assessed for 
production of IPN-7 and IL-4 as well as for LAG-3 expression, 
as described in Pig. l. Columns represent the mean values (± 
SB) obtained in three separate experiments. 

Pig. 3 shows the kinetics of membrane LA6-3 and CD30 
expression by four CD4+ T-cell clones. CD4* T-cell clones were 
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generated from PBMC of normal donors, as described in Exan5>le 
1. To assess the cytokine profile of each clone, T-cell blasts 
(106 /ml) „gj,e stinvulated for 36 hr with PMA (10 ng/ml) plus 
anti-CD3 antibody (100 ng/ml) and IPN-7 and IL-4 were 
5 quantitated in culture supernatants , as described in Example 1. 
T-cell clones able to produce l7N-y , but not IL-4, were 
classified as Thl-like; T-cell clones producing lL-4, but not 
IFN-y, were classified as Th2-like; T-cell clones producing 
both IL-4 and IPN-7 were classified as ThO-like. Two Thi- 
like and two Th2-like CD4* T-cell clones were stimulated with 
PHA (1% v/v) plus IL-2 (20 U/ml) and assessed at 24 hr- 
intervals for both LAG- 3 and CD30 expression by flow cytometry, 
as described in Exan?)le 1. 

Pig. 4 shows the membrane LAG- 3 escpression by 84 034* 
T-cell clones (33 Thl-like, 33 ThO-like and 18 Th2-like) . CD4+ 
T-cell clones were generated, and categorized as Thl-like, ThO- 
like and Th2-like, as described in Pig. 3. Values represent 
proportions of T-cell blasts from each clone showing membrane 
LAG- 3 e3q)ression on day 4 after activation with PHA plus IL-2. 

Fig- 5 shows the kinetics of soluble LAG- 3 production 
by CD4* Thl-like clones stimulated with PHA plus IL-2. 
Meinbrane LAG- 3 (xnLAG-3) eacpression by T-cell blasts was 
assessed by flow cytometry (see also Fig. 1) . Soluble LAG- 3 
was measured into the cell -free supernatants by an appropriate 
ELISA, as described in Example 1. Results represent mean 
values ± SE from five different T-cell clones. 

Pig. 6 shows the correlation between concentrations 
of sellable LAG- 3, IFN-7, and lL-4 produced by CD4* T-cell 
clones. A total number of 146 CD4* T-cell clones were 
stimulated for 4 days with PHA plus IL-2, and concentrations of 
soluble LAG-3, IFN-7 and IL-4 released into cell-free- 
supematants were measured, as described in Fig. 1 and 4. 

Figs. 7A and 7B show the delayed- type 
hypersensitivity (DTE) score of monkeys intradermally receiving 
tetanus toxoid. The first DTH (Pig. 7A) was performed using 
two groups of 3 animals receiving only TT. The second DTH 
(Fig. 7B) was performed in cuiimals in which ant i- LAG -3 
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monoclonal antibodies or anti-FSH antibodies as isotype matched 
negative control were previously administered. 

DBTAXIiBD DESCRIPTION OP THE INVENTION 
5 LAG- 3 expression, like 0)30, is preferentially 

related Lo the Thl phenotype of cytokine secretion.- Test 
results have demonstrated that LAG- 3 correlates with IFN-7, 
but not IL-4, production in antigen- stimulated T- cells and it 
is upregulated by lL-12 addition in bulk culture. Moreover, 
most Thl and ThO clones express membrane LAG- 3 and release 
detectable amounts of soluble LAG- 3, whereas only a few Th2 
clones show LAG-3 expression and release. Thus, LAG-3 
expression is preferentially associated with CD4* T- cells 
addressed to the production of Thl -type cytokines. 
15 results described in the present exan5>les 

demonstrate that LAG-3, a member of the Ig superfamily 
selectively transcribed on activated human T and NK cells 
(Triebel at al, 1990) , is preferentially expressed by CD4* T- 
cells producing Thl-type cytokines. First, LAG-3 expression in 
short-term cultures correlated with the ability of antigen- 
activated T- cells to produce IFN-7, but not with IL-4 
production. Second, the appearance of LAG-3 on antigen- 
stimulated T- cells was up- regulated by IL-12, a powerful Thl- 
inducing cytokine (Manetti et al, 1993; Manetti et al, 1994), 
2^ whereas it was not influenced by IL-4 that in contrast promotes 
the development of Th2 cells (Maggi, 1992) . Most importantly, 
LAG-3 was expressed by the great majority of CD4* T-cell clones 
with established Thl or ThO profile of cytokine secretion, but • 
it was virtually absent on Th2 clones. Finally, LAG- 3 -related 
soluble molecule (s) were released by activated CD4* T-cells 
able to produce IFN-7 or both IFN-7 and lL-4. but not by 
CD4+ T-cells inducible to the production of IL-4 alone. 

LAG-3 shows a close relationship with CD4 suggesting 
that both molecules originate from a common evolutionary 
ancestor (Triebel et al, 1990) . Moreover LA6-3 and CD4 
proteins share a common ligand (i.e., MHC class II antigens) 
(Baixeras, 1992). Thus, LA6-3 may be effective in contributing 
to the regulation of activated T-cell interactions with 
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ajitigen-presenting cells, which are known to eatress high 
numbers of MHC class II molecules on their surface. On the 
other hand, this molecule may also regulate T-cell/T-cell 
interactions, inasmuch as activated T- cells also express class 
5 II molecules. The strong association of LA6-3 expression with 
the ability of activated T- cells to produce IFN-7 and its 
loss by activated T-cells addressed to the selective production 
of IL-4 suggests a common or crossed regulation of both IA6-3 
and IFN-7 gene transcription. 
10 "^^s demonstration that LAG- 3 is preferentially 

ea^ressed, and its soluble form released, by CD4+ T-cells able 
to produce Thl-type cytokines may also allow further insights 
into the mechemisms involved in the development of Thl or Th2 
pathway. Thl and Th2 cells indeed represent two extremely 
15 polarized forms of the effector immune response against 

exogenous offending agents (Mosmann et al, 1986; Del Prete, 
1991; Sher et al, 1992; Romagnani, S., 1994). Thl cells are 
responsible for macrophage activation (via IFN-7) and delayed 
type hypersensitivity reactions and in the murine system 
stimulate the production of antibodies of the IgG2a class, 
which are effective at activating con^lement and opsonizing 
antigens for phagocytosis (Sher et al, 1992; Romagnani , S . , 
1994) . Thus Thl cells mainly trigger phagocyte -mediated host 
defense against infections with intracellular microbes which, 
in turn, tend to induce Thl-type responses (Sher et al, 1992; 
Romagnani, S., 1994). On the other hand, Th2 cells induce the 
production of IgE and IgGl antibodies (via IL-4 and IL-13) , 
favor the growth of mast -cells (via IL-3, IL-4 and IL-IO) , the • 
differentiation and activation of eosinophils (via IL-5) , and 
are capable of inhibiting several macrophage functions (via IL- 
4, IL-13 and IL-10) . Therefore, Th2 cells are prevalently 
involved in phagocyte -independent host defense, e.g., against 
helminths, as well as in the response of atopic people to 
common environmental allergens, which is mediated by IgE 
antibodies and eosinophils (Sher et al, 1992; Romagnani, S., 
1994) . The nature of Thl or Th2 polarizing signals is not yet 
fully understood. In both mice and humans, lL-12 produced by 
macrophage and B cells promotes Thl differentiation (Manetti et 
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al, 1993; Manetti et al, 1994; Hsieh et al, 1993), whereas 
early IL-4 production at the time of antigen presentation 
appears to be the most domineint factor in determining the 
likelihood for Th2 polarization of naive Th cells (Maggi et al, 
1992; Swain, S.L., 1993;- Seder et al, 1992). However, a role ' 
for antigen- presenting cells and- their co- stimulants has also 
been suggested (Reiner et al, 1993) . In this regard, it is 
noteworthy that interaction between CD30, a preferential marker 
of Th0/Th2 cells (Del Prete et al, 1995A) and the CD30 ligand, 
which is expressed not only on T- cells, but also on macrophages 
and B lymphocytes (Smith et al, 1990; Maggi et al, 1995), 
favors the preferential development in vitro of T- cells 
producing Th2-type cytokines (Del Prete, 1995B) . Inasmuch as 
IAG-3 expression reflects a selective differentiation and/or 
activation pathway of T- cells producing Thl-type cytokines, it 
will be of interest to determine the function of the LAG- 3 and 
its ligand in the control of esqpression of multiple cell 
surface molecules and cytokines by T- cells. 

The detection of surface LAG- 3 e3q>ression and/or 
measurement of its soluble form is to be utilized as a marker 
for the recognition of Thl/ThO -mediated immune reactions in 
tissues and/or biologic fluids in different diseases. Non- 
limiting exantples of such Thl -mediated diseases or disorders 
are reviewed in Mosmann and Sad (1996) . it is noted that 
CD30* , a preferential marker of activated Th2-like cells in 
vitro (Del Prete, i995A) , is never expressed in normal 
sxibjects in vivo, but high numbers of CD4+CD30+ T- cells can 
be found in the lymph nodes of children with Omenn's syndrome . 
(Romagnani et al, 1995; Chilosi et al, submitted) and in the 
lesional skin of patients with atopic dermatitis. More 
iinportantly, high levels of soluble CD30 are present in the 
serum of patients with Omenn's syndrome (Romagnani, 1995) or 
with severe atopy (Romagnani, 1995) , as well as in those of 
subjects with other pathological conditions, such as HIV 
infection (Pizzolo, 1994) , systemic lupus erythematosus (Cappio 
et al, 1995), and measles virus infection (vinante et al) , in 
which predominant activation of Th0/Th2 cells has been 
suggested (Clerici et al, 1993; Mills, J.A,, 1994; Griffin et 

- 8 - 
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al, 1993) . As with CD30, LAG-3 was never found in normal 
lymphoid organs, but it was readily detected in inflained 
tonsils, or lymph nodes with follicular hyperplasia (Huard et 
al, 1994), suggesting that even in vivo, it is only expressed 
following activation. 

Interestingly, in recent experiments, the laboratory 
of the present inventors has found elevated levels of soluble 
LAG-3, but not of soluble CD30, in the sera of most patients 
with multiple sclerosis, which is considered as a prototype of 
Thl-mediated disorders (Selmaj et al, 1991) . The higher levels 
of soluble LAG-3 in the blood of multiple sclerosis patients 
versus healthy individuals suggest a possible link between the 
disease status and the soluble LAG-3 production in the body. 
Conversely, a high percentage of Thl LAG-3 positive CD4 
lymphocytes were found in the cerebrospinal fluid of multiple 
sclerosis patients (Annunziato et al., 1996). High numbers of 
Thl- like T-cell clones could indeed be generated from the 
cerebrospinal fluid of two patients with this disease that 
consistently expressed surface LAG-3 and released high 
concentrations of soluble LAG-3 in their supematants. Based 
on these findings, the combined measurement of soluble CD30 and 
soluble LAG-3 represents a simple practical way to assess the 
imbalance of the effector limmine response towards the Th2 or 
the Thl profile. 

25 Monoclonal antibodies against the surface portion of 

LAG- 3 may be obtained by the processes described in W091- 10682 
and in U.S. patent application no. 08/394,442 filed February 
24, 1995, the entire contents of which are hereby incorporated ■ 
herein by reference. Such monoclonal antibodies, or fractions 
thereof such as the Fab or F(ab')2 fractions, or the variable 
portions of the heavy or light chains thereof, or single chain 
antibodies, or any other molecule which includes the binding 
portion of such antibodies, can be used to identify, detect, 
label and/or target Thl cells because of their preferential' 
expression of LAG- 3. The present invention is intended to 
comprehend all known means of immunodetection and labelling, 
e.g., enzyme, fluorescent, chemiluminescent , bioluminescent or 
radioactive, as are well known in the art. Such techniques are 

- 9 - 
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known, for example, from Harlow et al "Antibodies: A 
Laboratory Manual", cold Spring Harbor Laboratory, 1988, 
"Current Protocols in Iimnunology«, eds. Coligan et al., wiley t 
Sons, Inc. 1992-1996, and many other sources well known to 
5 those of ordinary skill in the art. Thus, it is well within 
the skill of those in the art to detect Thl cells ciud utilize 
measurement of the amount of Thl cells or soluble LAG- 3 in a 
biological sample as a marker for diagnosing a Thi-mediated 
disease or disorder. 

10 detection of elevated levels of soluble LAG- 3 in 

the blood of a patient relative to healthy individuals is 
indicative of the presence of a Thl -mediated disease or 
disorder, and in particular, multiple sclerosis. This 
correlation of elevated soluble LAG- 3 levels with Thl-mediated 
diseases and disorder can be used as a diagnostic test in a 
sample of human fluid. The sazt^le is reacted with an antibody, 
or fragment thereof, specific for soluble LAG- 3, and the amount 
of soluble LAG- 3 bound to the specific antibody is measured by 
techniques well-known in the art. 

20 Besides using monoclonal antibodies, if a ligand for 

LAG-3 is found which is sufficiently selective, such ligand can 
also be used for the detection, identification, labelling 
and/or targeting of Thl lymphocytes in accordance with the 
present invention. 

25 Antibodies specific to LAG-3 can be immobilized on a 

solid support, preferably a chromatography column, magnetic or 
paramagnetic beads, or a petri dish (Current Protocols in 
immunology. Vol. 2, units 7.3 and 7.4, Wiley & Sons, Inc. 1992- • 
1996) , and used as an affinity support to separate Thl and Th2 
cells based on binding to the anti-LAG-3 antibodies immobilized 
on the solid support. For instance, a sample containing a 
mixture of Thl and Th2 cells can be contacted with such a solid 
support having anti-LA6-3 antibodies immobilized thereon to 
bind Thl cells. Th2 and other cells in the sample which do not 
have LAG-3 on their surface remain unbound and can be readily 
removed by elution, washing, etc. Alternatively, Thl cells 
bound to anti-LAG-3 antibodies immobilized on magnetic or 
paramagnetic beads can be removed instead to provide isolated 
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or enriched Thl cells. The Thl cells bound to the immobilized 
anti-LAG-a antibodies can then be unbound and isolated. 
Likewise, Th2 cells that are not bound to the immobilized anti- 
LAG-3 antibodies are thus separated from Thl cells and can be 
5 . used as a LAG" -Th2 cell-enriched population. 

Thl cells can also be separated from Th2 cells by 
means of a fluorescence activated cell sorter (FACS) device 
commercialized by various instrument suppliers' including Becton 
Dickinson. Anti-IAG-3 antibodies, or fragments thereof, 
labeled with a fluorescent compound is reacted with a sample 
containing Thl and Th2 cells to bind Thl cells (Current 
Protocols in Inmtunology, unit 5, aupra) . Passage of the 
sample reacted with labeled antibodies Thl cells bound to the 
fluorescently labeled antibodies frcan other cells, e.g. Th2 
cells. This is another non- limiting exainple of separating Thl 
and Th2 cells to provide a Thl (or Th2) enriched population for 
ex vivo expansion in methods of treating diseases and 
disorders where reinfusion back into a patient from whom the 
saniple was obtained increases the patient's phagocyte dependent 
host defense (in the case of Thl reinfusion) or phagocyte 
independent host defense (in the case of Th2 reinfusion) . 

Furthermore, the present invention also relates to 
methods of treating infectious diseases, cancer, Thl-mediated 
diseases and disorders associated with an imbalance in the 
2g population of Thl and Th2 cells. Mosmann and Sad (1996) 

reviews some of these diseases and disorders. For exanple, 
autoimmune diseases, such as multiple sclerosis (MS), type 1 
diabetes mellitus (IDDM) , rheumatoid arthritis (RA) , and 
transplant rejection involve an imbalance in Thl/Th2 cell 
population (too much Thl). Thus, depending on the imbalance, 
i.e., low relative amounts of Thl or Th2 cells in the disease 
or disorder, administration of an expsinded pool of Thl or Th2 
cells derived from the patient to be treated can be 
administered so as to reduce the imbalance of Thl or Th2 
cells. 

35 

For diseases and disorders where it is desired to 
raise the level of Thl cells, a fluid santple from the patient 
to be treated that contains Thl and Th2 cells is obtained, and 
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the Thl cells are isolated as discussed above by binding to 
immobilized anti-LAS-3 antibodies and then recovered off the 
solid support or by binding to f luorescently labeled anti-LAG-3 
antibodies and sorted by passage through a PACS device. These 
isolated Thl cells, separated from Th2 cells, can then be 
expanded ex vivo by standard techniques well known in the 
art, i.e., ex vivo bone marrow progenitor expansion 
techniques and ex vivo expansion of T cells for adoptive 
therapy (Macatonia et al., 1989; De Bruijn et al., 1991; 
Oldstone et al., 1986; Kast et al., 1989; Riddell et al., 
1992) , and then reinfused back into the same patient to elevate 
the level of Thl cells. Thus, reinfusion of expanded Thl cells 
increases the phagocyte host defense (cell mediated immunity) 
of the patient. 

15 Likewise, for diseases and disorders where it is 

desired to raise the level of Th2 cells, i.e., allergy, a fluid 
sample obtained from a patient and containing Thl and Th2 cells 
is also contacted with immobilized anti-LAG-3 antibodies. 
However, in this case, it is the unbound Th2 separated from Thl 
cells that are to be used in ex vivo eaqpansion. Reinfusion 
of the expanded Th2 cells back into the patient from whom the 
Th2 cells were derived, increases the phagocyte independent 
host defense (humoral immunity) of the patient. 

The mAbs which are used in the processes of the 
present invention can be conjugated to cytotoxic agents and 
used as immunotoxins (see, for example, Vitetta et al. . Science 
aia:1098-1104 (1987)), or incorporated onto the surface of 
liposomes containing anti-T-cell drugs or toxins to 
specifically target such drugs or toxins to Thl cells. As used 
herein, the term "immunotoxin" refers to a conjugate or 
construct of an antibody with one or more toxins, drugs, 
radionuclides, or cytotoxic agents. A toxic moiety can either, 
be chemically conjugated to the antibody, or alternatively, can 
be ligated through recombinant DNA technology, m such a 
ligation, the DNA encoding the toxic protein or an active 
fragment thereof is ligated to the DNA encoding the entire, or 
a portion of, the mAb heavy chain, light chain, or both. Such 
genetic constructs and methods for making them are known in the 
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art. Among the toxins that may be conjugated to the antibodies 
of the present invention are ricin, diphtheria toxin, 
Pseudomonas toxin, tumor necrosis factor-alpha, and others 
knovm in the art. 

In a typical treatment using the anti-LAG-3 mAba as 
immunotoxins, the antibody is conjugated to a toxin suth as 
ricin that, alone, is toxic to all cells. By coupling the 
cytotoxic agent to the antibody, a high level of toxic efficacy 
can be achieved in a highly localized manner, against the 
target Thl cell to which the antibody has delivered the toxin, 
with a sparing of neighboring cells to which the antibody did' 
not bind. Thl mediated diseases can be mitigated by 
effectively shifting the balance of CD4+ helper T- cells from 
the Thl type to the Th2 type. 
15 Alternatively, the anti-LA6-3 mAb can be used to 

modulate the balance of Thl/Th2 cell population. This strategy 
is exemplified by the experiences acquired with the B7/CTLA4 - 
CD28 ligand receptor system. Briefly, induction and activation 
of T lymphocyte require two signals from antigen presenting 
cells (APC) , one being transduced via the T cell receptor/major 
histocon5)atibility complex interaction and the second via 
costimilatory molecules interaction. The latter signal 
involves at least 2 molecules expressed by APC, designated B7-1 
and B7-2 which interact with their counterreceptors expressed 
by T cells, i.e. CD28 and CTLA4. Using antibodies against B7-1 
it has been reported that naive Th precursors are driven to the 
Th2 pathway while anti-B7-2 antibodies favors Thl development 
(Kuchroo et al., 1995). In addition, administration of anti • 
B7-1 antibodies has been shown to ameliorate an organ specific 
auto- immune disease, e.g. murine experimental autoimmune 
encephalomyelitis (EAE, the animal model for human multiple 
sclerosis), whereas injection of anti-B7-2 antibodies 
significantly worsened the clinical signs of EAE. Moreover, it 
has been shown that reinfusion of T lymphocytes with a Th2 
profile can prevent the induction of EAE. 

In a similar manner, administration of an anti-LAG-3 
antibody, or fragment thereof, can be used to increase Thl- 
mediated immune response {phagocyte dependent host defense) by 
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polarizing the differentiation of ThO precursor cells towards 
Thl cells. 

While the antibodies used for purposes of the present 
invention may be intact antibodies, preferably human monoclonal 
5 antibodies , it should be understood that it is the epitope 
binding site of the antibody wLicli provides the desired 
function. Thus, besides the intact antibody, proteolytic 
fragments thereof such as the Fab or F(ab')2 fragments can be 
used. Furthermore, the DNA encoding the variable region of the 
10 antibody can be inserted into other antibodies to produce 

chimeric antibodies (see, for example, U.S. Patent 4,816,567) 
or into T-cell receptors to produce T- cells with the same broad 
specificity (see Eshhar, 2. et al. . Br. J. Cancer Snr^pi 
ifi:27-9 (1990); Gross, G. et al. . Proe. WaM . Acad. Rr^ . TTQa 
M:10024-8 (1989)). Single chain antibodies can also be 
produced and used. Single chain antibodies can be single chain 
composite polypeptides having antigen binding capabilities and 
comprising a pair of amino acid sequences homologous or 
analogous to the variable regions of an immunoglobulin light 
and heavy chain (linked Vh-Vj. or single chain Pv) . Both and 
Vi may copy natureuL monoclonal antibody sequences or one or 
both of the chains may con^jrise a CDR-fr construct of the type 
described in U.S. Patent 5,091,513 (the entire contents of 
which are hereby incorporated herein by reference) , The 
separate polypeptides analogous to the variable regions of the 
light and heavy chains are held together by a polypeptide 
linker. Methods of production of such single chain antibodies, 
particularly where the DNA encoding the polypeptide structures • 
of- .the Vg and Vi. chains are known, may be accomplished in 
accordance with the methods described, for example, in U.S. 
Patents 4,946,778, 5,091,513 and 5.096,815, the entire contents 
of each of which are hereby incorporated herein by reference. 

When used in the present specification and claims, 
the recitation "a molecule including the antigen -binding 
portion of an antibody" is intended to include not only intact 
immunoglobulin molecules of any isotype and generated by any 
animal cell line or microorganism, but also the reactive 
fraction thereof including, but not limited to, the Fab 
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fragment, the Fab' fragment, the FCab')^ fragment, the variable 
portion of the heavy and/or light chains thereof, and chimeric 
or single- chain antibodies incorporating such reactive 
fraction, as well as any other type of molecule or cell in 
which such antibody reactive fraction has been physically 
inserted, such as a chimeric T-cell receptor or a T-cell having 
such a receptor, or molecules developed to deliver therapeutic 
moieties by means of a portion of the molecule containing such 
a reactive fraction. 

In a pharmaceutical composition containing anti-LAG-3 
antibodies, or fragments thereof, as an active ingredient for 
modulating the balance of Thl/Th2 cells in vivo, the dosage 
of the active ingredient and the phannaceutically acceptable 
excipient or carrier in the pharmaceutical composition can be 
readily determined by those of skill in the art. 

EXAMPLE 1 



10 



20 



25 



30 



35 



Ifeiterial g anri M ethods 
ReaaentH 

Tetanus toxoid (TT) was obtained from Istituto 
Steroterapico Sdavo (Siena, Italy) Streptokinase (SK) was 
obtained from Behringwerke (M&lburg, Germany) . 
Dermatopiiasroides pteronyssinua group l (Der pi) was obtained 
from Lofarma Allergen! (Milano, Italy) . PHA was purchased from 
6IBC0 Laboratories (Grand Island, N.Y.). Anti-CD3 moiioclonal 
aintibody (mAb) was purchased from Ortho Pharmaceuticals 
(Raritan, N.J.). Anti-CD4 (Leu 3a, IgGl).. anti-CD8 (Leu 2a, 
IgGl), anti-CD56 (Leu 19, igGi) and anti-CD14 (Leu Ml, lgG2b) 
mAbs were purchased from Becton-Dickinson (Mountain view, Ca) 
Anti-CD20 (Bl, lgG2a) was purchased from Kontron Instruments 
(Zurich, Switzerland). Anti-CD30 (Ber-H2) mAb was purchased 
from Dako. The anti-LAG-3 mAbs recognizing three different 
epitopes of LAG- 3 molecule (17B4, IgGl; and 11E3, IgGl) 
(Baixeras et al. 1992) were obtained from Ares Serono (Geneve, 
Switzerland) . Hybridoma cell line 17B4 was deposited on July' 
10, 1992, with Collection Nationale de Cultures de 
Microorganismes (CNCM) under the designation 1-1240, and 
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hybridoma cell line 11B3 was also deposited with CNCM on July 
20, 1995, under the designation 1-1612. Recombinant IL-2 was a 
generous gift of Eurocetus (Milano, Italy) . Recombinant IL-12 
was a kind gift of G. Trinchieri (Wistar Institute; 
Philadelphia, PA) . 

generation of antigen- specific t-ha H iinp>Q ^nd elnr.A« 
Antigen- specific T-cell lines were generated 
according to a technique previously described (Del Prete et al, 
1991; Del Prete, 199 5A) . Briefly, 10^ peripheral blood 
mononuclear cells (PBMC) in 2 ml rpmi i640 medium supplemented 
with 2 mM L- glutamine, 2x10"' m 2-mercaptohetanol, and 5% 
human serum (complete medium) were stimulated in 24 -well -flat - 
bottomed plates for 5 days with the antigen (SK, 100 lU/ml; Der 
p 1, 10 Axg/ml; TT, 0.5 ng/mL) . Human IL-2 (20 U/ml) was then 
added and cultures continued for additional 9 days. Viable T 
blasts were resuspended in complete medium and tested for their 
antigen specificity before cloning procedure. To assess the 
antigen, specif icity of T-cell lines, 2x10* T blasts were seeded 
2^ in microplates and co-cultured for 48 h with irradiated (6,000 
rad) autologous PBMC (5x10* ) in the presence of medium alone or 
the appropriate antigen (SK, lOO lU/ml; Der p i, lo /tg/ml; TT, 
0.5 Mg/ml). After a 16 -h pulse with 0.5 ^Ci 'H-TdR (Amersham' 
International) , cultures were harvested and radioactivity 
measured by liquid scintillation. To generate T-cell clones, T 
blasts obtained from antigen- specific lines were seeded under 
limiting dilution conditions (0.3 cell/well) in 6 round- 
bottomed microwell plates containing 10= irradiated (6,000 rad)- 
allogeneic PBMC cells (as feeder cells) and PHA (1% vol/vol) in 
a final vol of 0.2 ml complete medium supplemented with lL-2 
(20 U/ml) and 10% PCS (Hyclone Laboratories Inc., Logan, UT) , 
as reported elsewhere (Del Prete, 1991; Del Prete, 1995A) . 
Growing microcultures were then supplemented, at weekly 
intervals, with lL-2 (20 U/ml) and 10» irradiated feeder cells. 
The phenotype distribution of lines and clones was assessed by 
flow cytometer analysis. The antigen- specificity of clones was 
assessed by measuring 'H-TdR uptake after 60 h stimulation with 
the appropriate antigen under MHC-restricted conditions (Del 
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Prete, 1991; Del Prete, 1995A) . When stimulation index (ratio 
between the mean counts per minute obtained in cultures 
stimulated with APC plus antigen and the mean counts per minute 
obtained in cultures with APC alone) was greater than 10, 
responses were considered as positive. 

Induction and ofuanti tation of cytokine p roduction bv T-rr^tf 
lines and clones 

To induce cytokine production, iQe t blasts from each 
line or clone were cultured in the presence of pma (lo ng/ml) 
plus anti-CD3 mAb (100 ng/ml) . After 24 h, culture 
supematants were collected, filtered, and stored in aliguots 
at -70» until used. The quantitative determinations of IPN-7 
and IL-4 were performed by commercial BLISAs (Cytoscreen, 
Biosource International, Camarillo for IPN-7, Quantikine R & 
D Systems, Minneapolis for IL-4) . Values of the cytokine 
content 3 SD over those of control supematants obtained by 
stimulation of irradiated feeder cells alone, were regarded as 
positive. 

Detecti on of surface IAG-3 and CP-^n 

Cell surface marker analysis of T-cell lines and 
clones was performed on a Cytoron Absolute cytofluorimeter 
(Ortho Pharmaceutical, Raritan, N.J.) by using FITC- conjugated 
anti-CD3, anti-CD4, anti-CD8, and anti-CD30 (Ber-H2; Dakopatts, 
Glostrup, Denmark) . LAG- 3 was detected by an indirect assay 
using unlabelled anti-LAG-3 mAb followed by PITC- conjugated 
anti-mouse IgGl goat antiserimi (Southern Biotechnology 
Associates Inc.; Birmingham, AL) . Conteii5)oraneous detection of 
CD30 and LAG was performed by using a FITC -conjugated anti-CD30 
mAb (Ber-H2; Dako) and anti-LAG-3 (11E3) mAb followed by PE- 
conjugated cuiti -mouse IgGl goat antiserum (Southern 
Biotechnology Associates Inc.) . 

mRNA expression for LAG- 3 

LAG- 3 mRNA e3q)ression was evaluated in T-cell clones 
by PGR technology, mRNA was extracted from T-cell blasts 
stimulated for 12 hr with PHA (1% v/v) and IL-2 (20 U/ml) by 
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the Oligotex* Direct mRNA kit (Qiagen Inc.; caiatsworth, CA) . 
The first -strand cDNA was synthesized using 100 ng mRNA, 
reverse transcriptase, and oligo dT primer at 37<»C for 1 hr 
(RT-PCR kit, Stratogen; La Jolla, CA) . The PGR amplification 
5 was conducted with 2.5 U of Taq polymerase, and 100 ng of each 
primer and consisted of 30 cycles of amplification, each cycle 
including denaturation at 94 *C for 1 min, annealing at 66«C for 
1 min, and extension at 72 for 2 min. The forward primer was 
TCTCTCAGAGCCTCCGACTGGGTCATTTTG (SEQ ID N0:1) and the reverse 
primer was TCCTGCAGATGGATATGGCAGGTGTAGGTC (SEQ ID N0:2) . The 
amplified products were run on a 1.5% agarose gel. 

Assessment of soluble IAQ-3 prodnn tion bv BT.TS& 

Detection of soluble LAG- 3 in the supematants of T- 
cell clones was performed by an appropriate ELISA based on the 
use of a recombinsmt soluble LAG- 3 derived molecule (8LA6-3D1- 
D2) . SLAG-3D1-D2 was obtained from PGR amplified DHA fragment 
encoding for the two first immunoglobulin- like domains of LAG-3 
and sxibcloned into the pCLH3AXSV2DHFR expression vector (Cole 
et al., 1993). The construct was used to transfect a DHFR 
deficient CHO cell line (DUKX-Bli) (Urlaub and Chasin, 1980) . 
The SLAG- 3D1-D2 -producing CHO cells were cultured in Wheaton 
bioreactor and sLAG-3Dl-D2 molecule purified by captiire step on 
fast SP-Sepharose column followed by Immunopurificaticn on a 
17B4 mAb-Poros EP column. The resulting protein was found to 
be.>90% pure by RP-HPLC and SDS-PAGE. For the assay, plate 
wells were coated with anti-LAG-3 (11E3; 10;ig/ml on 0.2M 
carbonate buffer, pH 9.6) mAb and then incubated for 12 hr with- 
test samples or different dilutions (from 0.12 to 25 ng/ml) of 
SLAG-3D1-D2. After washings, biotinylated anti-L7^-3 {17B4) 
mAb (0.5 na/val) was added for additional 2 hr, the plates 
stained with substrate solution, and the reaction read at 
492 nm. 
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Six bred female Cynomolgus monkeys, about 2-3 years 
old, weighing around 2.6-2.9 kg, were housed individually in 
stainless cages. At Day 0, these monkeys were vaccinated one 
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with ^40 lU/monkey of tetanus vaccine (Tetatox Berna, lot no 
13588) by intraimiscular route. A first DTH reaction was 
induced 28 days later by applying the commercially available 
disposable applicator Multitest IMC (Pasteur-Merieux, lot 
L0157) including TT antigen on the left part of the abdomen. 
Monkeys were anaesthetised by an i.m. injection of 20 mg/kg of 
Kematine hydrochloride (Inoketam "SOO", Vibrac) , their abdomen 
was clipped, cleaned and dried. Following the manufacturer's 
instructions, the applicator was pressed firmly to the skin for 
at least 5 seconds. 

A second DTH reaction was induced at Day 56 using the 
same procedure used for the first DTH except that monkeys 
received, 30 min before application of the Multitest imc on the 
right part of the abdomen, 10 mg/kg body weight of either anti- 
ng LaG-3 11E3 mM) (IgGl) or anti-PSH mAb (IgGl) as negative 
control by i.v. route. 

Daily inspections for general clinical signs were 
performed up to the end of the study. The skin induration 
after DTH induction was measured after both the first and the 
second induction using a calliper. The greatest length of skin 
test reaction was measured followed by the greatest width 
bisecting the first measurement. Both measurements, were 
repeated twice starting 24 hours after induction \intil a 
negative response was obtained. 
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Besults 

Differential expression of TAG- 3 by fl K - and Dfty nI-ac^^^^^f«^«>^ 
T cells 

The kinetics of LAG-3 expression by T-cells activated 
in vitro with two different antigens (SK and Der p i) was 
investigated and compared with the T-cell profile of cytokine 
production. These antigens were chosen because of their 
ability to e3q)and T-cells with prevalent Thl-like or Th2-like 
profile, respectively (Manetti et al, 1993; Manetti et al, 
1994; Maggi et al, 1992) . To this end, PBMC from each of three 
donors were stimulated with SK or Der p l and the derived 
antigen- specific T-cell lines were tested for both LAG-S 
expression and ability to produce IL-4 and IFN-7 at 5, lo and 
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15 days following antigenic stimulation. Both SK- specific and 
Der p 1- specific T-cell lines were also tested at the same time 
intervals for expression of surface CD30, an activation antigen 
preferentially associated with the production of Th2-type 
5 cytokines (Smith et al, 1990) . As shown in Pig. i, SK-specific 
T- cells produced high amounts of XVtS-j , but no or low amounts 
of IL- 4, and showed strong LAG- 3, but poor 0)30, expression. 
In contrast, Der p 1-specific T-cells, that produced high 
amounts of IL-4 in addition to IFN-7, showed higher CD30 and 
lower LAG- 3 expression than SK-specific T-cells. Double 
staining experiments revealed that most T-cell blasts from SK- 
specific T-cell lines were CD30-LAG-3+, whereas the majority of 
T-cell blasts from Der p 1-specific T-cell lines were CD30+LA6- 
3- or CD30*LA6-3* , 

PP-recralation of lag- 3 expresaion V>Y TT.-; i ^ 

IL-12 is able to promote the development of Thl-type 
cells (Manetti, 1993) . In contrast, IL-4 favors the 
preferential development of Th2-like cells (Maggi, 1992). 
Experiments were done to determine whether the addition of IL- 
12 or IL-4 in PBMC bulk culture could influence the expression 
of LAG-S by antigen-activated T-cells. In these experiments, 
TT was used as antigen because of its ability to preferentially 
expand T-cells with mixed profile of cytokine production (ThO 
cells) (Hsieh et al, 1993). As expected, IL-12 addition in 
PBMC culture favored the development of TT-specific T-cells 
able to produce higher amounts of IFN-7 and lower amotmts of 
IL-4 than the corresponding TT-specific T-cell lines generated • 
in the absence of IL-12. Accordingly, the proportions of LAG- 
3* cells were significantly higher in IL-12 -conditioned TT- 
specific T-cell lines than in parallel lines generated in the 
absence of IL-12 (Pig. 2) . On the other hand, the addition in 
PBMC bulk cultxire of IL-4 resulted in the development of TT- 
specific T-cell lines producing higher amounts of IL-4 and 
lower amounts of IPN-7 than control TT-specific T-cell lines. 
However, the proportions of LAG- 3* cells in TT-specific T-cell 
lines were not significantly affected by IL-4 conditioning 
(Fig. 2) . 
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pyeigerePti^l IiAG-3 exnreaglon 911 bhe n^ <=» p ± >ranp r>f T-cell rlon^a 
producing Thl-bvpe cvtQkinp>« 

The kinetics of surface LAG-3 and CD30 expression by 
5 four CD4* T-cell clones with already established profile of 
cytokine produce ion (two Thi and two Th2) was then 
investigated. The results of these experiments are presented 
in Fig. 3. When examined in the resting state (10 days after 
the last stimulation) , all clones showed neither CD30 nor LAG-3 
10 expression. Following stimulation with PHA plus lL-2, 

substantial proportions of T-cell blasts from the Th2 clones 
showed surface 0)30 expression, whereas T-cell blasts from the 
Thl clone did not. In contrast, under the same experimental 
conditions, LAG-3 expression was already detectable on a 
substantial proportion of Thl cells on day i and it became 
maximal between day 2 and day 6 after activation. Similar 
results were obtained when T-cell clones were stimulated with 
insolubilized anti-CD3 antibody or PMA plus ionomycin. Based 
on these findings, a total number of 84 CD4* T-cell clones with 
established cytokine secretion profile (33 Thl, 33 ThO, and 18 
Th2) , were stimulated with PHA plus IL-2 and assessed four days 
later for surface LAG- 3 expression. The results of these 
eacperiments are summarized in Fig. 4. under these e3q)erimental 
conditions, LAG-3 was expressed by most Thl and ThO clones, 
whereas the great majority of Th2 clones showed no or poor LAG- 
3 esqpression. Th2 clones which did not express membrane LAG-3 
under these experimental conditions also lacked LAG-3 irtRNA 
expression when assessed by PGR after stimulation of cells with- 
PHA (1% v/v) and IL-2 (20U/ml) for 24 hrs. C3D4* Thl-like and 
CDS* T-cell clones did show LAG-3 mRNA expression (570 bp band 
on agarose gel) . 

Release of a polnMe LAG-3 molecu le h v T - r .ell rlnn^^ p rndnrinr^ 
Thl- type r.Y^r>l^^ 

The possibility that LAG- 3 was released as soluble 
molecule in T-cell clone supematants was also investigated. 
This was done by both an appropriate ELISA using a recombinant 
extracellular portion of LAG- 3 molecule (D1-D2) . Fig. 5 shows 
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the kinetics of membrane LAG- 3 expression and sol\ible LAG- 3 
production by five representative clones (3 Thl and 2 ThO) . 
Membrane LAG- 3 was fully expressed on the cell membrane between 
day 2 and 4 following activation with PHA plus IL-2 and. then 
declined, -whereas soluble LAG- 3 was already found into day 2 
supernatant and its concentrations became still higher between 
day 4 and day 8. Concentrations of soluble LAG- 3 were then 
measured in the supernatants of large panels of activated CD4+ 
T-cell clones and compared with concentrations of iFN-r and 
lL-4 present in the same supernatants. There was a significant 
positive correlation between concentrations of solvible LAG- 3 
and IEN-7, whereas an inverse correlation between production 
of solxible LAG- 3 and IL-4 was observed (Pig. 6) . 

15 Pel^yg^ typ^ hypersenflitivitv (dth) rftarHn^ i 

The delayed type hypersensitivity (DTH) reaction is a 
reliable method of evaluating the cell -mediate immune response. 
DTH is manifested in the skin by an erythematous indurated 
reaction maximal 24-48 hours after the intradermal injection of 
the antigen, e.g., tetanus toxoid. Both elimination of the 
infecting organism and the DTH reaction occurs as a result of 
interaction between the specifically sensitized lymphocytes 
(especially T cell presenting a Thl profile) and specific 
antigen. This leads to the secretion of lyirtphokines that 
activate macrophages directly to eliminate intracellular 
organisms and cause the secretion of inflammatory mediators. 

Six female Cynomolgus monkeys have been vaccinated 
with tetanus toxoid via intramuscular route. After 28 days, 
the efficacy of the vaccination was verified by inducing a DTH 
reaction using the Multitest CMI Merieux. In all animals, 
induration was measured at the site of injection of tetanus 
toxoid antigen and Tuberculin antigen at 1 to 7 days after 
antigen application. Twenty eight days after the first DTH, 
monkeys were injected i.v. with lO mg/kg of either anti-LAG-3 
mAb (11E3, Group I) or anti-FSH mAb (used as isotype negative 
control, Group 2). DTH reaction was induced 30 min after 
antibody injection using the Multitest CMI Merieux. 
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itoiinals reacted positively at the site of TT ' 
injection with little or no erythema (without appreciable 
induration) was observed at the site of injection of the 
negative control, i.e., the glycerin control present in the 
5 Multitest CMI Merieux (Fig. 7A) . After the first'DTH all 

animal reactions- were strongest at 24 hours and then declined, - 
and all were negative 7 days after induction. 

After the second DTH induction all animals responded 
positively at the site of injection of TT (Pig. 7B) . in the 
control group receiving anti-FSH antibody the response was 
similar to that observed during the first DTH. in the group 
treated with anti-LAG-3 mAb (11E3), the DTH score from Day 2 to 
Day 5 was stronger that in the control group and was prolonged, 
i.e. was still detected when no reaction was visible in the 
control group (Day 6 to Day 8) . 

This data indicates that anti-LAG-3 antibodies can 
polarize the differentiation of naive Th cells towards Thl in 
vivo and thus modulate an In vivo reaction which is commonly 
associated with Thl cells. This observation is in agreement 
with the observation that anti-LAG-3 antibodies are able to 
prolong In vitro the proliferation of antigen specific T cell 
clones (Huard et al., 1996). 

Having now fully described this invention, it will be 
appreciated by those skilled in the art that the same can be 
performed within a wide range of equivalent parameters, 
concentrations, and conditions without departing from the 
spirit and scope of the invention and without undue 
es^erimentation . 

While this invention has been described in connection 
with specific embodiments thereof, it will be understood that 
it is capable of further modifications. This application is 
intended to cover any variations, uses, or adaptations of the 
inventions following, in general, the principles of the 
invention and including such departures from the present 
disclosure as come within known or customary practice within 
the art to which the invention pertains and as may be applied 
to the essential features hereinbefore set forth as follows in 
the scope of the appended claims. 
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All references cited herein, including journal 
articles or abstracts, published or corresponding U.S. or 
foreign patent applications, issued U.S. or foreign patents, or 
any other references, are entirely incorporated by reference 
5 herein, including all data, tables, figures, and text presented 
in the cited references. Additionally, the entire concents of 
the references cited within the references cited herein are 
also entirely incorporated by reference. 

Reference to known method steps, conventional methods 
steps, known methods or conventional methods is not in any way 
an admission that any aspect, description or embodiment of the 
present invention is disclosed, taught or suggested in the 
relevant art. 

The foregoing description of the specific embodiments 
will so fully reveal the general nature of the invention that 
others can, by applying knowledge within the skill of the art 
(including the contents of the references cited herein) , 
readily modify and/or adapt for various applications such 
specific embodiments, without undue experimentation, without 

2^ departing from the general concept of the present invention. 
Therefore, such adaptations and modifications are intended to 
be within the meaning and range of equivalents of the disclosed 
embodiments, based on the teaching and guidance presented 
herein, it is to be understood that the phraseology or 

2^ terminology herein is for the purpose of description and not of 
limitation, such that the terminology or phraseology of the 
present specification is to be interpreted by the skilled 
artisan in light of the teachings and guidance presented 
herein, in combination with the knowledge of one of ordinary 
skill in the art. 
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Nhat Is Claimed Is: 

1. A method of isolating Thl cells, comprising the 

steps of: 

contacting a saniple containing Thl and Th2 cells with 
• a solid support having antibodies, or fragments thereof, 
specific for LAG- 3 immobilized thereon to bind Thl cells; 

isolating Thl cells bound to the antibodies, or 
fragments thereof, immobilized on the solid support. 

2. The method according to claim 1, further 
comprising the step of removing T cells in the sample which are 
unbound to the antibodies immobilized on the solid support. 

3. The method according to claim l, wherein the 
solid support is an affinity chromatography column. 

4. The method according to claim i, wherein the 
solid support is magnetic or paramagnetic beads. 

5. A method of isolating Thl cells, coitprising the 

steps of: 

labeling antibodies, or fragments thereof, specific 
for LAG- 3 with a fluorescent compound; 

contacting a sample containing Thl and Th2 cells with 
the labeled antibodies, or fragments thereof, specific for LAG- 
3 to bind the labeled antibodies, or fragments thereof, to Thl 
cells; 

isolating Thl cells bound to the labeled antibodies 
by a fluorescence activated cell sorting device. 

6. A method of treating Infectious diseases, cancer 
and disorders associated with an imbalance in the population of • 
Thl and Th2 cells, comprising the steps of: 

obtaining a san^le containing Thl and Th2 cells from 
a patient to be treated; 

isolating Thl cells from the sample in accordance 
with claim 1 or claim 5 from a patient to be treated; 

expanding the isolated Thl cells ex vivo; and 

administering the ejcpanded Thl cells by reinfusion 
back into the patient to be treated to increase the phagocyte 
dependent host defense of the patient. 
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7. A method of treating Infectious diseases, cancer 
and disorders associated with an imbalance in the population of 
Thl and Th2 cells, comprising the steps of: 

obtaining a santple containing Thl and Th2 cells from 
a patient to be treated; 

contacting antibodies, or fragments thereof, specific 
for LAG- 3, with the santple to bind Thl cells to the antibodies, 
or fragments thereof; 

separating Th2 cells from bound Thl cells; 

expanding the unbound Th2 cells ex vivo; 

administering the expanded Th2 cells by reinfusion 
back into the patient to be treated to increase the phagocyte 
independent host defense of the patient. 

8. The method according to claim 7, wherein said 
separating step is performed by means of a fluorescence 
activated cell sorting device. 

9. The method according to claim 7. wherein, in said 
contacting step, the antibodies, or fragments thereof, specific 
for LAG- 3, are immobilized on a solid support. 

10. The method according to claim 9, wherein the 
solid support is an affinity chromatography column. 

11. The method according to claim 9, wherein the 
solid support is magnetic or paramagnetic beads. 

12 . A method for detecting the presence of Thl 
lyn5)hocytes comprising assaying lymphocytes for the expression 
of the LAG- 3 protein on the surface thereof, whereby detection 
of the presence of said LAG- 3 protein is indicative of the 
lymphocyte being of the Thl type. 

13. The method according to claim 12, wherein said 
assaying step further con5)rises the steps of: 

labeling antibodies, or fragments thereof, specific 
LA6-3 with a fluorescent conpound; 

contacting a sample containing lymphocytes with the 
labeled antibodies, or fragments thereof, to bind the labeled 
antibodies, or fragments thereof, to Thl cells; 

measuring the amount of Thl cells in the sainple by 
flow cytometry. 
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14. A method for diagnosing a Thl -mediated disease 
or disorder, comprising the steps of: 

reacting a sample of hiaman fluid with an antibody, or 
fragment thereof, specific for soluble LAG- 3; and 

measuring the amount of soluble LAG- 3 in the sample 
of human fluid that is bound to the soluble LAG- 3 specific 
antibody, or a fragment thereof, to diagnose the presence of a 
Thl-mediated disease or disorder. 

15. A method for treating Thl-mediated diseases 
comprising directing a cytotoxic agent to cells e3q)ressing the 
LAG- 3 protein on the surface thereof so as to selectively kill 
said Thl lymphocytes. 

16. The method according to claim 15, wherein said 
cytotoxic agent is attached to an antibody, or fragment 
thereof, specific for LAG-3. 

17. , A method of enhancing a Thl-mediated immune 
response, comprising the step of: 

administering to a subject in need thereof a 
pharmaceutical composition corriprising an antibody, or fragment 
thereof, specific for LAG-3, to polarize the differentiation of 
ThO cells to Thl cells. 

18. Use of a cytotoxic agent directed to cells 
expressing the LAG-3 protein on the surface thereof for the 
manufacture of a drug for the treatment of Thl-mediated 
diseases. 

19. Use of an antibody, or fragment thereof, 
specific for the manufacture of a drug for LAG-3 to enhance 
Thl-mediated immune response. 

20. Use of ex vivo e^qpanded Thl or Th2 cells for 
the manufacture of a drug for treatment of infectious diseases, 
Thl-mediated diseases, cancer, and disease and disorders 
associated with an imbalance in the population of Thl and Th2 
cells. 
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(57) Abstract 



The lymphocyte activation gene (LAG-3) is a member of the immunoglobulin supcrfamily that is selectively transcribed in human 
activated T and NK cells. Surface LAG-3 expression correlated with IFN-^ but not IL-4. production in antigen-stimulated T-cells and it 
was up-regulated by IL- 1 2 and is preferentially associated with CD4+ T-cells producing ThI-type cytokines. The presence of LAG-3 on 
the surface of Thl lymphocytes is used as a marker to detect and identify ThI lymphocytes and differentiate diem from Th2 lymphocytes. 
Monoclonal antibodies to LAG-3 are used In methods of detecting and isolating Thl cells as well as methods of diagnosing Thl -mediated 
disease. The present invention also relates to methods of treating infectious diseases, cancer, and disorders associated with Th]/Th2 
imbalance. 
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increase phagocyte dependent or phagocyte independent host 
defenses , respectively. 

In addition, the present invention also provides a 
method for diagnosing Thl -mediated diseases or disorders by 
measuring in a fluid saunple from a patient the amount of 
soluble LAG- 3 that is bound to soluble LAG- 3 spec^lic 
antibody. 

Accordingly, the present invention is directed to all 
of the above methods for using the discovery that the LAG- 3 
protein is preferentially associated with Thl lymphocytes, 

BRIEF DBSCRXPTION OF THE DRAWINGS 
Fig. 1 shows the kinetics of membrane LAG- 3 or CD30 
ea^ression and cytokine production by antigen-activated human 
T- cells. T-cell lines specific for SK (upper part) or Der p 1 
(lower part) were generated from PBMC of normal subjects, as 
described in Example 1. On day 0 and after 6, 10 and 14 days 
of culture, viable T-cell blasts were washed, counted, 
resuspended in fresh medixam, and assessed for both membrane 
LAG-3 (•) and C3D30 (o) expression by flow cytometry, as 
described in Example 1 and shown in the left-side graphs. At 
the same time intervals, T-cells (10^ /ml) trcm each line were 
also restimulated for 24 hr with PMA plus anti-CD3 antibody and 
culture supematants assessed for IFN-7 (•) and IL-4 
(o) content by appropriate ELISAs, as described in Example 1 
and shown in the right-side graphs. The results represent mean 
values ± SE obtained with cells from three different donors. 

Fig. 2 shows the up- regulation of membrane LAG-3 
expression by IL-12. T-cell lines specific for tetanus toxoid 
(TT) generated from PBMC of normal subjects in the absence 
{□) of IL-4 and IL-12 or in the presence of IL-4 (s) or in 
the presence of IL-12 (■) , as described in Example 1. On day 
10 of culture, viable T-cell blasts were assessed for 
production of IFN-7 and IL-4 as well as for LAG-3 expression, 
as described in Fig. 1. Columns represent the mean values (± 
SE) obtained in three separate experiments. 

Fig. 3 shows the kinetics of membrane LAG-3 and CD30 
expression by four CD4* T-cell clones. CD4* T-cell clones were 
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METHODS FOR DBTBCTIKG, 1DENTJFYIN6, ISOLATING, AND 
SBLBCnVBLY LMBLLING AND TARGETING THl LYMPHOCYTES 
BY MBANS OF THB LAG-3 PROTEIN 



BACKGROUND OF THB INVENTION 

Field Qt the Invention 

The present invention relates to methods for 
detecting, identifying, isolating, and selectively labelling 
and targeting THl lymphocytes and/ more particularly, to such 
methods which use the presence of LAG- 3 protein on the surface 
thereof as markers for the identity of THl lymphocytes. The 
present invention also related to methods of treating 
infectious diseases/ cancer, Thl -mediated diseases and 
disorders associated with an imbalance of Thl and Th2 cells. 

DQgcyrip^ion of t^he Background Art; 

The lymphocyte activation gene (LAG- 3) is a member of 
the immunoglobulin superfamily, that is selectively transcribed 
in human activated T (both CD4+ and CD8^ ) and NK cells (Triebel 
et al, 1990; see also WO91-110682) . The sequence data, the 
compared exon/intron organization, and the chromosomal 
localization revealed that LAG- 3 is closely related to CD4 
(Baixeras et al, 1992) . The close relationship between LAG -3 
euid CD4 was further strengthened by the demonstration that both 
share the same ligand, i.e., MHC class II molecules (Baixeras 
et al, 1992) . However, in contrast to CD4, LAG-3 does not bind 
the human immunodeficiency virus gpl20 (Baixeras et al, 1992) . 
In vivo, LAG-3 eaqpression was neither found in primary 
lymphoid organs, such as spleen, mucosa-associated lymphoid 
tissue or normal lymph nodes. However, it was readily detected 
in inflamed tonsils, or lymph nodes with follicular 
hyperplasia, supporting the view that even in vivo LAG-3 is 
expressed following activation (Huard et al, 1994A) . The 
physiological role of encoded LAG-3 protein is still unclear. 
Antigen- specif ic stimulation of T-cell clones in the presence 
of ahti-LAG-3 monoclonal antibody (mAb) led to increased 
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monoclonal antibodies or anti-FSH antibodies as isotype matched 
negative control were previously administered. 

DETAILED DESCRIPTION OF THE INVENTION 
LAG- 3 expression, like CD30, is preferentially 
related Lc the Thl phenotype of cytokine secretion. Test 
results have demonstrated that LAG-3 correlates with IFN-7, 
but not XL- 4, production in antigen- stimulated T- cells and it 
is upregulated by IL-12 addition in bulk culture. Moreover, 
most Thl and ThO clones express membrane LAG-3 and release 
detectable amounts of soluble LAG-3, whereas only a few Th2 
clones show LAG-3 expression and release. Thus, LAG-3 
expression is preferentially associated with CD4* T- cells 
addressed to the production of Thl -type cytokines. 

The results described in the present examples 
demonstrate that LAG-3, a member of the Ig superfamily 
selectively transcribed on activated human T and NK cells 
(Triebel et al, 1990) , is preferentially expressed by CD4* T- 
cells producing Thl -type cytokines. First, LAG-3 expression in 
short-term cultures correlated with the aJDllity of antigen- 
activated T-cells to produce IFN-7, but not with IL-4 
production. Second, the appearance of LAG-3 on antigen- 
stimulated T-cells was up-regulated by IL-12, a powerful Thl- 
inducing cytokine (Manetti et al, 1993; Manetti et al, 1994), 
whereas it was not influenced by IL-4 that in contrast promotes 
the development of Th2 cells (Maggi, 1992) . Most importantly, 
LAG-3 was expressed by the great majority of CDA* T-cell clones 
with established Thl or ThO profile of cytokine secretion, but - 
it was virtually absent on Th2 clones. Finally, LAG- 3 -related 
soluble molecule (s) were released by activated CD4* T-cells 
able to produce IFN-7 or both IFN-7 and IL-4, but not by 
CD4'*' T-cells inducible to the production of IL-4 alone. 

LAG-3 shows a close relationship with CD4 suggesting 
that both molecules originate from a common evolutionary 
ancestor (Triebel et al, 1990) . Moreover LAG-3 and CD4 
proteins share a common ligand (i.e., MHC class II antigens) 
(Baixeras, 1992). Thus, LAG-3 may be effective in contributing 
to the regulation of activated T-cell interactions with 
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be used as a marker to detect and identify Thl lymphocytes and 
differentiate them from Th2 lymphocytes. Monoclonal antibodies 
against LAG- 3 can be used to detect and identify Thl 
lymphocytes which express the LAG- 3 protein. 

Furthermore, the LAG- 3 marker can be used to isolate 
Thx cells firbm Th2 cells. It is known, for example, that Thl 
cells contribute to the pathogenesis of organ- specif ic 
autoimmune diseases while Th2 cells prevent them. Thus, 
autologous T- cells from autoimmune disease patients can be 
subjected to separation into Thl and Th2 rich fractions ex 
vivo and the Th2 cells reinfused to help fight the autoimmune 
disease. The same is true for any disease or condition which 
is preferentially mediated by Thl cells, such as contact 
deannatitis. 

Another therapeutic method using the discovery that 
LAG-3 is a selective marker for Thl lymphocytes is by means ^of 
immunotoxins using monoclonal antibodies specific for the 
extracellular portion of the LAG- 3 protein. If a toxic moiety 
is attached to such antibodies by means well known in the art, 
Thl lymphocytes can be selectively targeted for destruction. 
By thus effectively shifting the balance of CD4'*' helper T-cells 
from the Thl type to the Th2 type, Thl mediated diseases can be 
, mitigated. 

Alternately, the anti-LAG-3 monoclonal antibodies is 
used to modulate the balance of Thl/Th2 cell population and 
polarize the differentiation of ThO cells to Thl cells. 

Labelled monoclonal antibodies against LAG- 3 can be 
used to selectively label Thl cells. Thus, if a radioactive 
label is used, the location of Thl cells can be followed by 
appropriate viewing means. 

Another aspect of the present invention is that anti- 
LA6-3 antibodies, either immobilized on a solid support or 
labeled with a fluorescent compound, can bind Thl cells to 
separate Thl cells from Th2 cells. 

A further aspect of the present invention is to 
expand the isolated or enriched Thl or Th2 cells for reinfusion 
back into a patient from whom they were obtained in order to 
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al, 1993; Manetti et al, 1994; Hsieh et al, 1993), whereas 
early IL-4 production at the time of antigen presentation 
appears to be the most dominant factor in determining the 
likelihood for Th2 polarization of naive Th cells (Maggi et al, 
1992; Swain, S.L., 1993; Seder et al, 1992). However, a role 
for antigen-presenting cells uiau their co-stimulants has also 
been suggested (Reiner et al, 1993) . In this regard, it is 
noteworthy that interaction between CD30, a preferential marker 
of ThO/Th2 cells (Del Prete et al, 1995A) and the CD30 ligand, 
which is expressed not only on T-cells, but also on macrophages 
and B lymphocytes (Smith et al, 1990; Maggi et al, 1995), 
favors the preferential development in vitro of T- cells 
producing Th2-type cytokines (Del Prete, 1995B) . Inasmuch as 
LAG- 3 expression reflects a selective differentiation and/or 
activation pathway of T- cells producing Thl-type cytokines, it 
will be of interest to determine the function of the LAG- 3 and 
its ligand in the control of expression of multiple cell 
surface molecules and cytokines by T-cells. 

The detection of surface LAG- 3 expression and/ or 
measurement of its soliible form is to be utilized as a marker 
for the recognition of Thl/ThO -mediated immune reactions in 
tissues and/or biologic fluids in different diseases. Non- 
limiting examples of such Thl-mediated diseases or disorders 
are reviewed in Mosmann and Sad (1996) . It is noted that 
CD30* , a preferential marker of activated Th2-like cells in 
vitro (Del Prete, 1995A) , is never e3q)ressed in normal 
subjects in vivo, but high numbers of CD4*CD30'*' T-cells can 
be found in the lymph nodes of children with Omenn's syndrome • 
(Romagnani et al, 1995; Chilosi et al, submitted) and in the 
lesional skin of patients with atopic dermatitis. More 
importantly, high levels of soluble CD30 are present in the 
serum of patients with Omenn*s syndrome (Romagnani, 1995) or 
with severe atopy (Romagnani, 1995) , as well as in those of 
subjects with other pathological conditions, such as HIV 
infection (Pizzolo, 1994) , systemic lupus erythematosus (Cappio 
et al, 1995), and measles virus infection (Vinante et al) , in 
which predominant activation of Th0/Th2 cells has been 
suggested (Clerici et al, 1993; Mills, J. A., 1994; Griffin et 
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generated from PBMC of normal donors, as described in Example 
1, To assess the cytokine profile of each clone, T-cell blasts 
(10^ /ml) were stimulated for 36 hr with PMA (10 ng/ml) plus 
anti-CD3 antibody (100 ng/ml) and IFN-7 and IL-4 were 
quant itated in culture supernatants, as described in Example 1. 
T-cell clones able to produce I?N-7/ but not IL-4, were 
classified as Thl-like; T-cell clones producing IL-4, but not 
IFN-7, were classified as Th2-like; T-cell clones producing 
both IL-4 and IFN-7 were classified as ThO-like, Two Thl- 
like and two Th2-like CD4* T-cell clones were stimulated with 
PHA (1% v/v) plus IL-2 (20 U/ml) and assessed at 24 hr- 
intervals for both LAG- 3 and CD30 eaqjression by flow cytometiry, 
as described in Example 1. 

Fig. 4 shows the meinbrane LAG- 3 expression by 84 CD4* 
T-cell clones (33 Thl-like, 33 ThO-like and 18 Th2-like) • CD4+ 
T-cell clones were generated, and categorized as Thl-like, ThO- 
like and Th2-like, as described in Fig. 3. Values represent 
proportions of T-cell blasts from each clone showing membrane 
IiAG-3 expression on day 4 after activation with PHA plus IL-2. 

Fig. 5 shows the kinetics of soluble LAG- 3 production 
by 004"^ Thl-like clones stimulated with PHA plus IL-2. 
Membrane LAG- 3 {raLAG-3) expression by T-cell blasts was • 
assessed by flow cytometry (see also Fig. 1) . Soluble LAG- 3 
was measured into the cell -free supematants by an appropriate 
ELISA, as described in Example 1. Results represent mean 
values ± SE from five different T-cell clones. 

Fig. 6 shows the correlation between concentrations 
of solvible LAG- 3, IFN-7 # and IL-4 produced by CD4+ T-cell 
clones. A total number of 146 CD4* T-cell clones were 
stimulated for 4 days with PHA plus IL-2, and concentrations of 
soluble LAG- 3, IFN-7 and IL-4 released into cell-free- 
supernatants were measured, as described in Fig. 1 and 4. 

Figs. 7A and 7B show the delayed- type 
hypersensitivity (DTK) score of monkeys intradermally receiving 
tetanus toxoid. The first DTH (Fig. 7A) was performed using 
2^ two groups of 3 animals receiving only TT. The second DTH 
(Fig. 7B) was performed in animals in which ant i- LAG -3 
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known, for example, from Harlow et al "Antibodies: A 
Laboratory Manual", Cold Spring Harbor Laboratory, 1988, 
"Current Protocols in Immunology", eds. Coligan et al., Wiley & 
Sons, Inc. 1992-1996, and many other sources well known to 
those of ordinary skill in the art. Thus, it is well within 
the skill of those in the art to detect Thi cells t^ixu utilize 
measurement of the amount of Thl cells or soluble LAG- 3 in a 
biological sample as a marker for diagnosing a Thl -mediated 
disease or disorder. 

The detection of elevated levels of soluble LAG- 3 in 
the blood of a patient relative to healthy individuals is 
indicative of the presence of a Thl -mediated disease or 
disorder, and in particular, multiple sclerosis. This 
correlation of elevated soluble LAG- 3 levels with Thl-mediated 
diseases and disorder can be used as a diagnostic test in a 
sample of human fluid. The sample is reacted with an antibody, 
or fragment thereof, specific for soluble LAG- 3, and the amount 
of soluble LAG- 3 bound to the specific cuitibody is measured by 
techniques well-known in the art. 

Besides using monoclonal antibodies, if a ligand for 
LAG- 3 is found which is sufficiently selective, such ligand can 
also be used for the detection, identification, labelling 
and/or targeting of Thl lynphocytes in accordance with the 
present invention. 

Antibodies specific to LAG- 3 can be immobilized on a 
solid support, preferably a chromatography column, magnetic or 
paramagnetic beads, or a petri dish (Current Protocols in 
Immunology, Vol.2, units 7.3 and 7.4, Wiley & Sons, Inc. 1992- • 
1996) , and used as an affinity support to separate Thl and Th2 
cells based on binding to the anti-LAG-3 antibodies immobilized 
on the solid support. For instance, a sample containing a 
mixture of Thl and Th2 cells can be contacted with such a solid 
support having anti-LAG-3 antibodies immobilized thereon to 
bind Thl cells. Th2 and other cells in the sample which do not 
have LAG- 3 on their surface remain unbound and can be readily 
removed by elution, washing, etc. Alternatively, Thl cells 
bound to anti-LAG-3 antibodies immobilized on magnetic or 
paramagnetic beads can be removed instead to provide isolated 
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antigen-presenting cells, which are known to express high 
nunibers of MHC class II molecules on their surface. On the 
other hand, this molecule may also regulate T-cell/T-cell 
interactions, inasmuch as activated T- cells also express class 
II molecules. The strong association of LAG-3 expression with 
the ability of activated T-cells to produce IFN-7 and its 
loss by activated T- cells addressed to the selective production 
of IL-4 suggests a common or crossed regulation of both LAG-3 
and IFN-7 gene transcription. 

The demonstration that LAG-3 is preferentially 
expressed, and its soluble form released, by CD4* T- cells able 
to produce Thl-type cytokines may also allow further insights 
into the mechanisms involved in the development of Thl or Th2 
pathway. Thl and Th2 cells indeed represent two extremely 
polarized forms of the effector immune response against 
exogenous offending agents (Mosmann et al, 1986; Del Prete, 
1991; Sher et al, 1992; Romagnani, S., 1994). Thl cells are 
responsible for macrophage activation (via IFN-7) and delayed 
type hypersensitivity reactions and in the murine system 
stimulate the production of antibodies of the IgG2a class, 
which are effective at activating complement and opsonizing 
antigens for phagocytosis (Sher et al, 1992; Romagnajii, S., 
1994) . Thus Thl cells mainly trigger phagocyte -mediated host 
defense against infections with intracellular microbes which, 
in turn, tend to induce Thl-type responses (Sher et al, 1992; 
Romagnani, S., 1994). On the other hand, Th2 cells induce the 
production of IgE and IgGl antibodies (via IL-4 and IL-13) , 
favor the growth of mast-cells (via IL-3, IL-4 and IL-10), the • 
differentiation and activation of eosinophils (via IL-5) , and 
are capsJDle of inhibiting several macrophage functions (via IL- 
4, IL-13 and IL-10). Therefore, Th2 cells are prevalently 
involved in phagocyte- independent host defense, e.g., against 
helminths, as well as in the response of atopic people to 
common environmental allergens, which is mediated by IgE 
antibodies and eosinophils (Sher et al, 1992; Romagnani, S., 
1994) . The nature of Thl or Th2 polarizing signals is not yet 
fully understood. In both mice and humans, IL-12 produced by 
macrophage and B cells promotes Thl differentiation (Manet ti et 
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the Thl cells are isolated as discussed above by binding to 
iiranobilized anti-LAG-3 antibodies and then recovered off the 
solid support or by binding to f luorescently labeled anti-LAG-3 
antibodies and sorted by passage through a FACS device. These 
isolated Thl cells, separated from Th2 cells, can then be 
expanded vivo by standard techniques well known in the 
art, i.e., ex vivo bone marrow progenitor expansion 
techniques and ex vivo expansion of T cells for adoptive 
therapy (Macatonia et al., 1989; De Bruijn et al., 1991; 
Oldstone et al., 1986; Kast et al., 1989; Riddell et al., 
1992) , ajid then reinfused back into the same patient to elevate 
the level of Thl cells. Thus, reinfusion of expanded Thl cells 
increases the phagocyte host defense (cell mediated immunity) 
of the patient. 

Likewise, for diseases and disorders where it is 
desired to raise the level of Th2 cells, i.e., allergy, a fluid 
sample obtained from a patient and containing Thl and Th2 cells 
is also contacted with immobilized anti-LAG-3 antibodies. 
However, in this case, it is the unbound Th2 separated from Thl 
cells that are to be used in ex vivo expansion. Reinfusion 
of the expanded Th2 cells back into the patient from whom the 
Th2 cells were derived, increases the phagocyte independent 
host defense (humoral immunity) of the patient. 

The mAbs which are used in the processes of the 
present invention can be conjugated to cytotoxic agents and 
used as immunotoxins (see, for example, Vitetta et al, . Science 
238:1098-1104 (1987)), or incorporated onto the surface of 
liposomes containing anti-T-cell drugs or toxins to 
specifically target such drugs or toxins to Thl cells. As used 
herein, the term "immunotoxin" refers to a conjugate or 
construct of an antibody with one or more toxins, drugs, 
radionuclides, or cytotoxic agents. A toxic moiety can either 
be chemically conjugated to the antibody, or alternatively, can 
be ligated through recombinant DNA technology. In such a 
ligation, the DNA encoding the toxic protein or an active 
fragment thereof is ligated to the DNA encoding the entire, or 
a portion of, the mAb heavy chain, light chain, or both. Such 
genetic constructs and methods for making them are known in the 
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al, 1993) . As with CD30, LAG- 3 was never found in normal 
lymphoid organs, but it was readily detected in inflamed 
tonsils, or lymph nodes with follicular hyperplasia (Huard et 
al, 1994), suggesting that even in vivo, it is only expressed 
following activation. 

Iiicerestingly, in recent experiments, the laboratory 
of the present inventors has found elevated levels of soluble 
LAG-3, but not of soluble CD30, in the sera of most patients 
with multiple sclerosis, which is considered as a prototype of 
Thl-mediated disorders (Selmaj et al, 1991) . The higher levels 
of soluble IjAG-3 in the blood of multiple sclerosis patients 
versus healthy individuals suggest a possible link between the 
disease status and the soluble LAG- 3 production in the body. 
Conversely, a high percentage of Thl LAG-3 positive CD4 
lymphocytes were found in the cerebrospinal fluid of multiple 
sclerosis patients (Annunziato et al., 1996). High numbers of 
Thl- like T-cell clones could indeed be generated from the 
cerebrospinal fluid of two patients with this disease that 
consistently expressed surface LAG-3 and released high 
concentrations of soluble LAG-3 in their supematants. Based 
on these findings, the combined measurement of soluble CD30 and 
soluble LAG-3 represents a simple practical way to assess the 
imbalance of the effector immune response towards the Th2 or 
the Thl profile. 

Monoclonal antibodies against the surface portion of 
LAG-3 may be obtained by the processes described in WO91-10682 
cind in U.S. patent application no. 08/394,442 filed February 
24, 1995, the entire contents of which are hereby incorporated • 
herein by reference. Such monoclonal antibodies, or fractions 
thereof such as the Fab or F(ab')2 fractions, or the variable 
portions of the heavy or light chains thereof, or single chain 
antibodies, or any other molecule which includes the binding 
portion of such antibodies, can be used to identify, detect, 
label and/or target Thl cells because of their preferential 
expression of LAG-3. The present invention is intended to 
comprehend all known means of immunodetection and labelling, 
e.g., enzyme, fluorescent, chemiluminescent , bioluminescent or 
radioactive, as are well known in the art. Such techniques are 
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polarizing the differentiation of ThO precursor cells towards 
Thl cells. 

While the antibodies used for purposes of the present 
invention may be intact antibodies, preferably human monoclonal 
antibodies, it should be understood that it is the epitope 
binding site of the antibody provides the desired 

function. Thus, besides the intact antibody, proteolytic 
fragments thereof such as the Fab or P(abM2 fragments can be 
used. Furthermore, the DNA encoding the variable region of the 
antibody can be inserted into other antibodies to produce 
chimeric antibodies (see, for example, U.S. Patent 4,816,567) 
or into T-cell receptors to produce T- cells with the same broad 
specificity (see Eshhar, Z. et a,^ . . Br. J. Cancer Sup pl., 
lfi;27-9 (1990); Gross, G. et al . . Proc, Natl. Acad, Sci. USA. 
fi£:10024-8 (1989)). Single chain antibodies can also be 
produced and used. Single chain antibodies can be single chain 
composite polypeptides having antigen binding capabilities and 
comprising a pair of amino acid sequences homologous or 
analogous to the varial>le regions of an immunoglobulin light 
and heavy chain (linked Vj, -V^ or single chain Fy ) - Both Vh and 
Vl may copy natural monoclonal antibody sequences or one or 
both of the chains may comprise a CDR-FR construct of the type 
described in U.S. Patent 5,091,513 (the entire contents of 
which are hereby incorporated herein by reference) . The 
separate polypeptides analogous to the variable regions of the 
light and heavy chains are held together by a polypeptide 
lin)cer. Methods of production of such single chain antibodies, 
particularly where the DNA encoding the polypeptide structures • 
of the Vg and Vl chains are known, may be accomplished in 
accordance with the methods described, for example, in U.S. 
Patents 4,946,778, 5,091,513 and 5,096,815, the entire contents 
of each of which are hereby incorporated herein by reference. 

When used in the present specification and claims, 
the recitation "a molecule ' including the antigen- binding 
portion of an antibody" is intended to include not only intact 
immunoglobulin molecules of any isotype and generated by any 
animal cell line or microorganism, but also the reactive 
fraction thereof including, but not limited to, the Fab 
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or enriched Thl cells. The Thl cells bound to the immobilized 
anti-liAG-3 antibodies can then be unbound and isolated. 
Likewise, Th2 cells that are not bound to the immobilized anti- 
LAG- 3 antibodies are thus separated from Thl cells and can be 
used as a LAG" -Th2 cell -enriched population. 

Thl cells can also be separated from Th2 cells by 
means of a fluorescence activated cell sorter (FACS) device 
commercialized by various instrument suppliers including Becton 
Dickinson. Anti-LAG-3 antibodies, or fragments thereof, 
labeled with a fluorescent compound is reacted with a ssunple 
containing Thl and Th2 cells to bind Thl cells (Current 
Protocols in Immunology, unit 5, supra) . Passage of the 
sample reacted with labeled antibodies Thl cells bound to the 
f luorescently labeled antibodies from other cells, e.g. Th2 
cells. This is another non-limiting example of separating Thl 
and Th2 cells to provide a Thl (or Th2) enriched population for 
ex vivo expansion in methods of treating diseases and 
disorders where reinfusion back into a patient from whom the 
sample was obtained increases the patient's phagocyte dependent 
host defense (in the case of Thl reinfusion) or phagocyte 
independent host defense (in the case of Th2 reinfusion) . 

Furthermore, the present invention also relates to 
methods of treating infectious diseases, cancer, Thl-mediated 
diseases and disorders associated with an imbalance in the 
population of Thl arid Th2 cells. Mosmann and Sad (1996) 
reviews some of these diseases and disorders. For example, 
autoimmune diseases, such as multiple sclerosis (MS), type 1 
diabetes mellitus (IDDM) , rheumatoid arthritis (RA) , and 
transplant rejection involve an imbalance in Thl/Th2 cell 
population (too much Thl) . Thus, depending on the imbalance, 
i.e., low relative amounts of Thl or Th2 cells in the disease 
or disorder, administration of an expanded pool of Thl or Th2 
cells derived from the patient to be treated can be 
administered so as to reduce the imbalance of Thl or Th2 
cells . 

For diseases and disorders where it is desired to 
raise the level of Thl cells, a fluid sample from the patient 
to be treated that contains Thl and Th2 cells is obtained, and 
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hybridoma cell line 11E3 was also deposited with CNCM on July 
20, 1995, under the designation 1-1612. Recombinant IL-2 was a 
generous gift of Eurocetus (Milano, Italy) . Recombinant XL- 12 
was a kind gift of G. Trinchieri (Wistar Institutes- 
Philadelphia, PA) . 

Generation of antigen- spe cific T-cell lines and clones . 

Antigen- specific T-cell lines were generated 
according to a technique previously described (Del Prete et al, 
1991; Del Prete, 1995A) . Briefly, 10® peripheral blood 
mononuclear cells (PBMC) in 2 ml RPMI 1640 medium supplemented 
with 2 mM L- glutamine, 2x10-5 M 2-mercaptohetanol, and 5% 
human serum (complete medium) were stimulated in 24 -well -flat- 
bottomed plates for 5 days with the antigen (SK, 100 lU/ml; Der 
p 1, 10 /ig/ml; TT, 0.5 /zg/ml) . Human IL-2 (20 U/ml) was then 
added and cultures continued for additional 9 days. Viable T 
blasts were resuspended in complete medium and tested for their 
antigen specificity before cloning procedure. To assess the 
antigen specificity of T-cell lines, 2x10* T blasts were seeded 
in microplates and co- cultured for 48 h with irradiated (6,000 
rad) autologous PBMC (5x10* ) in the presence of medium alone or 
the appropriate antigen (SK, 100 lU/ml; Der p i, 10 ng/ml; TT, 
0.5 fxg/ml) . After a 16-h pulse with 0.5 /iCi ^H-TdR (Amersham 
International) , cultures were harvested and radioactivity 
measured by liquid scintillation. To generate T-cell clones, T 
blasts obtained from antigen- specif ic lines were seeded under 
limiting dilution conditions (0.3 cell/well) in 6 round- 
bottomed microwell plates containing 10^ irradiated (6,000 rad)- 
allogeneic PBMC cells (as feeder cells) and PHA (1% vol/vol) in 
a final vol of 0.2 ml complete medixim supplemented with IL-2 
(20 U/ml) and 10% FCS (Hyclone Laboratories Inc., Logan, UT) , 
as reported elsewhere (Del Prete, 1991; Del Prete, 1995A) . 
Growing microcultures were then supplemented, at weekly 
intervals, with IL-2 (20 U/ml) and 10* irradiated feeder cells. 
The phenotype distribution of lines and clones was assessed by 
flow cytometer analysis. The antigen- specificity of clones was 
assessed by measuring ^H-TdR uptake after 60 h stimulation with 
the appropriate antigen under MHC- restricted conditions (Del 
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art. Among the toxins that may be conjugated to the antibodies 
of the present invention are ricin, diphtheria toxin, 
Pseudomonas toxin, tumor necrosis factor- alpha, and others 
known in the art . 

In a typical treatment using the anti-LAG-3 mAbs as 
immunotoxins , the antibody is conjugated to a toxin tsucn as 
ricin that, alone, is toxic to all cells. By coupling the 
cytotoxic agent to the antibody, a high level of toxic efficacy 
can be achieved in a highly localized manner, against the 
target Thl cell to which the antibody has delivered the toxin, 
with a sparing of neighboring cells to which the antibody did 
not bind. Thl mediated diseases can be mitigated by 
effectively shifting the balance of CD4+ helper T- cells from 
the Thl type to the Th2 type. 

Alternatively, the anti-LAG-3 mAb can be used to 
modulate the balance of Thl/Th2 cell population. This strategy 
is exemplified by the experiences acquired with the B7/CTLA4 - 
CD28 ligand receptor system. Briefly, induction and activation 
of T lymphocyte require two signals from antigen presenting 
cells (APC) , one being transduced via the T cell receptor/major 
histocompatibility complex interaction and the second via 
costimulatory molecules interaction. The latter signal 
involves at least 2 molecules expressed by APC, designated B7-1 
and B7-2 which interact with their counterreceptors expressed 
by T cells, i.e. CD28 and CTIjA4. Using antibodies against B7-1 
it has been reported that naive Th precursors are driven to the 
Th2 pathway while anti-B7-2 antibodies favors Thl development 
(Kuchroo et al., 1995). In addition, administration of anti 
B7-1 antibodies has been shown to simeliorate an organ specific 
auto -immune disease, e.g. murine experimental autoimmune 
encephalomyelitis (EAE, the animal model for human multiple 
sclerosis) , whereas injection of anti-B7-2 antibodies 
significantly worsened the clinical signs of EAE. Moreover, it 
has been shown that reinfusion of T lymphocytes with a Th2 
profile can prevent the induction of EAE. 

In a similar manner, administration of an anti -LAG- 3 
antibody, or fragment thereof, cam be used to increase Thl- 
mediated immune response (phagocyte dependent host defense) by 
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the 01igotex~ Direct mRNA kit (Qiagen Inc.; Chatsworth, CA) . 
The first -strand cDNA was synthesized using 100 ng itiRNA, 
reverse transcriptase, and oligo dT primer at 37 °C for 1 hr 
(RT-PCR kit, Stratogen; La Jolla, CA) . The PGR amplification 
was conducted with 2 . 5 U of Taq polymerase, and 100 ng of each 
primer and coii^isted of 30 cycles of amplification, each cycle 
including denaturation at 94^C for 1 min, annealing at 66*^0 for 
1 min, and extension at 72°C for 2 min. The forward primer was 
TCrCTCAGAGCCTCCGACTGGGTCATTTTG (SEQ ID N0:1) and the reverse 
primer was TCCTGCAGATGGATATGGCAGGTGTAGGTC (SEQ ID N0:2) . The 
amplified products were run on a 1.5% agarose gel. 



Aaflessment of soluble IiAG-3 production bv ELISA 

Detection of soluble LAG- 3 in the supernatants of T- 
cell clones was performed by an appropriate ELISA based on the 
use of a recombinant soluble LAG- 3 derived molecule (sLAG-3Dl- 
D2) • SLAG-3D1-D2 was obtained from PGR amplified DNA fragment 
encoding for the two first immunoglobulin- like domains of LAG- 3 
and subcloned into the pCLH3AXSV2DHFR expression vector (Cole 
et al., 1993) . The construct was used to transfect a DHFR 
deficient CRO cell line (DUKX-Bll) (Urlaub and Chasin, 1980) . 
The SLAG-3D1-D2 -producing CHO cells were cultured in VSIheaton 
bioreactor and sIiAG-3Dl-D2 molecule purified by capture step on 
fast SP-Sepharose column followed by iroraunopurif ication on a 
17B4 mAb-Poros EP column. The resulting protein was found to 
be >90% pure by RP-HPLC and SDS-PAGE. For the assay, plate 
wells were coated with anti-LAG-3 (11E3; lO;ig/ml on 0,2M 
carbonate buffer, pH 9.6) mAb and then incubated for 12 hr with- 
test samples or different dilutions (from 0.12 to 25 ng/ml) of 
sIiAG-3Dl-D2. After washings, biotinylated anti-LAG-3 (17B4) 
mAb (0.5 fig/tsd) was added for additional 2 hr, the plates 
stained with substrate solution, and the reaction read at 
492 nm. 

Delayed type hypersensiti vity reaction 
35 si3t bred female Cynomolgus monkeys, about 2-3 years 

old, weighing around 2.6-2.9 kg, were housed individually in 
stainless cages. At Day 0, these monkeys were vaccinated once 
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fragment, the Fab' fragment, the F(ab')2 fragment, the variable 
portion of the heavy and/or light chains thereof, and chimeric 
or single- chain antibodies incorporating such reactive 
fraction, as well as any other type of molecule or cell in 
which such antibody reactive fraction has been physically • 
inserted, &uch as a chimeric T-cell receptor or a T-cell having 
such a receptor, or molecules developed to deliver therapeutic 
moieties by means of a portion of the molecule containing such 
a reactive fraction. 

In a pharmaceutical composition containing ant i- LAG- 3 
antibodies, or fragments thereof, as an active ingredient for 
modulating the balance of Thl/Th2 cells In vivo, the dosage 
of the active ingredient and the pharmaceutically acceptable 
excipient or carrier in the pharmaceutical composition can be 
readily determined by those of skill in the art. 

EZ2^LB 1 

Reagents 

Tetanus toxoid (TT) was obtained from Istituto 
Steroterapico Sclavo (Siena, Italy) Streptokinase (SK) was 
obtained from Behringwerke (Malburg, Germany) . 
Dermatophagoides pteronys sinus group 1 (Der pi) was obtained 
from Lof arma Allergeni (Milano, Italy) . PHA was purchased from 
6IBC0 Laboratories (Grand Island, N.Y.). Anti-CD3 monoclonal 
antibody (mAb) was purchased from Ortho Pharmaceuticals 
(Raritan, N.J.). Anti-CD4 (Leu 3a, IgGl) , anti-CD8 (Leu 2a, 
IgGl) , anti-CD56 (Leu 19, IgGl) and anti-CD14 (Leu Ml, IgG2b) 
mAbs were purchased from Becton-Dickinson (Mountain View, Ca) . 
Anti-CD20 (HI, IgG2a) was purchased from Kontron Instruments 
(Zurich, Switzerland) . Anti-CD30 (Ber-H2) mAb was purchased 
from Dako. The anti-LAG-3 mAbs recognizing three different 
epitopes of LAG- 3 molecule (17B4, IgGl; and 11E3, IgGl) 
(Baixeras et al, 1992) were obtained from Ares Serono (Geneve, 
Switzerland) . Hybridoma cell line 17B4 was deposited on July 
10, 1992, with Collection Nationale de Cultures de 
Microorganismes (CNCM) under the designation 1-1240, and 
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15 days following antigenic stimulation. Both SK- specific and 
Der p 1- specific T-cell lines were also tested at the same time 
intervals for expression of surface CD30, an activation antigen 
preferentially associated with the production of Th2-type 
cytokines (Smith et al, 1990). As shown in Fig. 1, SK-specific 
T-cells produced high amounts of but no or low amounts 

of IL-4, and showed strong LAG- 3, but poor CD30; expression ♦ 
In contrast, Der p 1-specific T-cells, that produced high 
amounts of lL-4 in addition to IFN-7# showed higher CD30 and 
lower LAG-3 expression than SK-specific T-cells. Double 
staining experiments revealed that most T-cell blasts from SK- 
specific T-cell lines were CDBO" LAG-3* , whereas the majority of 
T-cell blasts from Der p l-specific T-cell lines were CD30*LAG- 
3" or CD30* LAG-3* • 

Up- regulation of LAG-3 ex pression bv IL-12 

XL- 12 is able to promote the development of Thl-type 
cells (Manetti, 1993) . In contrast, IL-4 favors the 
preferential development of Th2-like cells (Maggi, 1992). 
Eaqperiments were done to deteirmine whether the addition of IL- 
12 or IL-4 in PBMC bulk culture could influence the expression 
of LAG-3 by antigen- activated T-cells. In these experiments, 
TT was used as suitigen because of its ability to preferentially 
esqpand T-cells with mixed profile of cytokine production (ThO 
cells) (Hsieh et al, 1993). As expected, IL-12 addition in 
PBMC culture favored the development of TT- specific T-cells 
able to produce higher amounts of IFN-7 and lower amounts of 
IL-4 than the corresponding TT- specific T-cell lines generated ■ 
in the absence of IL-12. Accordingly, the proportions of LAG- 
3* cells were significantly higher in IL-12 -conditioned TT- 
specific T-cell lines than in parallel lines generated in the 
absence of IL-12 (Fig. 2). On the other hand, the addition in 
PBMC bulk culture of IL-4 resulted in the development of TT- 
specific T-cell lines producing higher amounts of IL-4 and 
lower amounts of IFN-7 than control TT- specific T-cell lines. 
However, the proportions of LAG-3* cells in TT-specific T-cell 
lines were not significantly affected by IL-4 conditioning 
(Fig- 2). 
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Prete, 1991; Del Prete, 1995A) . When stimulation index (ratio 
between the mean counts per minute obtained in cultures 
stimulated with APC plus antigen and the mean counts per minute 
obtained in cultures with APC alone) was greater than 10, 
responses were considered as positive. 

Induction and quantitation of cytokine production bv T^cell 
J.in^g ^nd clones 

To induce cytokine production, 10^ T blasts from each 
line or clone were cultured in the presence of PMA (10 ng/ml) 
plus anti-CD3 mAb (100 ng/ml). After 24 h, culture 
supematants were collected, filtered, and stored in aliquots 
at -70« \xntil used. The quantitative determinations of IFN-7 
and XL- 4 were performed by commercial ELISAs (Cytoscreen, 
Bicsource International, Camarillo for lFN-7/ Quantikine R & 
D Systems, Minneapolis for IL-4) . Values of the cytokine 
content 3 SD over those of control supernatants obtained by 
stimulation of irradiated feeder cells alone, were regarded as 
positive. 

Detection of surface LAG- 3 and CD30 

Cell surface marker analysis of T-cell lines amd 
clones was performed on a Cytoron Absolute cytof luorimeter 
(Ortho Pharmaceutical, Raritan, N.J.) by using FITC- conjugated 
anti-CD3, anti-CD4, anti-CD8, and anti-CD30 (Ber-H2; Dakopatts, 
Glostrup, Denmark) . LAG- 3 was detected by an indirect assay 
using unlabelled anti-IiAG-3 mAb followed by FITC- conjugated 
anti -mouse IgGl goat antiserum (Southern Biotechnology 
Associates Inc.; Birmingham, AL) . Contemporaneous detection of 
CD30 and LAG was performed by using a FITC- conjugated anti-CD30 
mAb (Ber-H2; Dako) and anti-LAG-3 {11E3) mAb followed by PE- 
conjugated anti-mouse IgGl goat antiserum (Southern 
Biotechnology Associates Inc.). 

mRNA expression for LAG- 3 

LAG- 3 mRNA expression was evaluated in T-cell clones 
by PGR technology, mRNA was extracted from T-cell blasts 
stimulated for 12 hr with PHA (1% v/v) and IL-2 (20 U/ml) by 
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the kinetics of membrane LAG- 3 expression and soluble LAG-3 
production by five representative clones (3 Thl and 2 ThO) . 
Membrane LAG- 3 was fully expressed on the cell membrane between 
day 2 and 4 following activation with PHA plus IL-2 and then 
declined, whereas soluble LAG- 3 was already found into day 2 
supernatant and its concentrations L-^came still higher between 
day 4 and day 8. Concentrations of soluble LAG- 3 were then 
measured in the supernatants of large panels of activated CD4" 
T-cell clones and compared with concentrations of IFN-7 and 
IL-4 present in the same supernatants. There was a significant 
positive correlation between concentrations of soluble LAG- 3 
and IFN-7# whereas an inverse correlation between production 
of soluble LAG- 3 and XL- 4 was observed (Fig. 6) . 

Delayed tvpe hypersensitivity (DTH) reaction 

The delayed type hypersensitivity (DTH) reaction is a 
relic^Dle method of evaluating the cell -mediate immune response, 
DTH is manifested in the skin by an erythematous indurated 
reaction maximal 24-48 hours after the intradermal injection of 
the antigen, e.g., tetanus toxoid. Both elimination of the 
infecting organism and the DTH reaction occurs as a result of 
interaction between the specifically sensitized lymphocytes 
(especially T cell presenting a Thl profile) and specific 
antigen. This leads to the secretion of lymphokines that 
activate macrophages directly to eliminate intracellular 
organisms and cause the secretion of inflammatory mediators. 

Six female Cynomolgus monkeys have been vaccinated 
with tetanus toxoid via intramuscular route. After 28 days, 
the efficacy of the vaccination was verified by inducing a DTH 
reaction using the Multitest CMI Merieux. In all animals, 
induration was measured at the site of injection of tetanus 
toxoid antigen and Tuberculin antigen at 1 to 7 days after 
antigen application. Twenty eight days after the first DTH, 
monkeys were injected i.v. with 10 mg/kg of either anti-LAG-3 
mAb {11E3, Group I) or anti-FSH mAb (used as isotype negative 
control, Group 2). DTH reaction was induced 30 min after 
antibody injection using the Multitest CMI Merieux. 
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with ^40 lU/monkey of tetanus vaccine (Tetatox Berna, lot no 
13588) by intramuscular route. A first DTH reaction was 
induced 28 days later by applying the conunercially available 
disposable applicator Multitest IMC (Pasteur-Merieux, lot 
L0157) including TT antigen on the left part of the ' abdomen . 
Monkeys were anaesthetised by an i.m. injection of '20 uiy/kg of 
Kematine hydrochloride (Inoketam "500", Vibrac) , their abdomen 
was clipped, cleaned and dried* Following the manufacturer's 
instructions, the applicator was pressed firmly to the skin for 
at least 5 seconds. 

A second DTH reaction was induced at Day 56 using the 
same procedure used for the first DTH except that monkeys 
received, 30 min before application of the Multitest IMC on the 
right part of the abdomen, 10 mg/kg body weight of either anti- 
IiAG-3 11E3 mAb (IgGl) or anti-FSH mAb (IgGl) as negative 
control by i^v. route- 

Daily inspections for general clinical signs were 
performed up to the end of the study. The skin induration 
after DTH induction was measured after both the first and the 
second induction using a calliper. The greatest length of skin 
test reaction was measured followed by the greatest width * 
bisecting the first measurement. Both measurements, were ~' 
repeated twice starting 24 hours after induction until a 
negative response was obtained. 

Results 

Differential expression of LAG-3 by SK- and Per pl-activated 
T g^llfi 

The kinetics of L7^-3 expression by T- cells activated 
in vitro with two different antigens (SK and Der p 1) was 
investigated and compared with the T-cell profile of cytokine 
production. These antigens were chosen because of their 
ability to expand T- cells with prevalent Thl-like or Th2-like 
profile, respectively (Manetti et al, 1993; Manetti et al, 
1994; Maggi et al, 1992). To this end, PBMC from each of three 
donors were stimulated with SK or Der p 1 and the derived 
antigen- specif ic T-cell lines were tested for both LAG-3 
expression ajid ability to produce XL- 4 and IFN-7 at 5, 10 and 



19 - 



wo 97/03695 



PCT/US96/11994 



All references cited herein, including journal 
articles or abstracts, published or corresponding U.S. or 
foreign patent applications, issued U.S. or foreign patents, or 
any other references, are entirely incorporated by reference 
herein, including all data, tables, figures, and text presented 
in the cited references. Additionally, the entire coHLencs of 
the references cited within the references cited herein are 
also entirely incorporated by reference. 

Reference to known method steps, conventional methods 
steps, known methods or conventional methods is not in any way 
an admission that any aspect, description or embodiment of the 
present invention is disclosed, taught or suggested in the 
relevant art. 

The foregoing description of the specific embodiments 
will so fully reveal the general nature of the invention that 
others can, by applying knowledge within the skill of the art 
(including the contents of the references cited herein) , 
readily modify and/or adapt for various applications such 
specific einbodiments, without undue experimentation, without 
departing from the general concept of the present invention. 
Therefore, such adaptations and modifications are intended to 
be within the meaning and range of equivalents of the disclosed 
embodiments, based on the teaching and guidance presented 
herein. It is to be understood that the phraseology or 
terminology herein is for the purpose of description and not of 
limitation, such that the terminology or phraseology of the 
present specification is to be interpreted by the skilled 
artisan in light of the teachings and guidance presented 
herein, in combination with the knowledge of one of ordinary 
skill in the art. 
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Pri:.f^rprn^ial LAG- 3 expression on the membrane of T-gell clones 
producing Thl-tvpe cytokines 

The kinetics of surface LAG- 3 and CD30 expression by 
four CD4* T-cell clones with already established profile of 
cytokine produ'ccxon (two Thl and two Th2) was then 
investigated. The results of these experiments are presented 
in Fig. 3. When examined in the resting state (10 days after 
the last stimulation) , all clones showed neither CD30 nor LAG- 3 
expression. Following stimulation with PHA plus XL- 2, 
substantial proportions of T-cell blasts from the Th2 clones 
showed surface CD30 expression, whereas T-cell blasts from the 
Thl clone did not. In contrast, under the same experimental 
conditions, LAG- 3 expression was already detectcJDle on a 
substantial proportion of Thl cells on day 1 and it became 
maximal between day 2 and day 6 after activation. Similar 
results were obtained when T-cell clones were stimulated with 
insolubilized anti-CD3 antibody or PMA plus ionoirycin. Based 
on these findings, a total number of 84 CD4+ T-cell clones with 
established cytokine secretion profile (33 Thl, 33 ThO, and 18 
Th2) , were stimulated with PHA plus XL- 2 and assessed four days 
later for surface LAG- 3 expression. The results of these 
experiments are summarized in Fig. 4. Under these experimental 
conditions, LAG- 3 was expressed by most Thl and ThO clones, 
whereas the great majority of Th2 clones showed no or poor LAG- 
3 expression. Th2 clones which did not express membrane LAG- 3 
under these experimental conditions also lacked LAG- 3 mRNA 
e3q)ression when assessed by PGR after stimulation of cells with- 
PHA (1% v/v) and IL-2 (20U/ml) for 24 hrs. CD4* Thl-like and 
CDS"^ T-cell clones did show LAG- 3 mRNA eaqpression (570 bp band 
on agarose gel) . 
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Release of a soluble LAG- 3 molecule by T-cell clones producing 
Thl -type cytokines 

The possibility that LAG- 3 was released as soluble 
molecule in T-cell clone supernatants was also investigated. 
This was done by both an appropriate ELISA using a recombinant 
extracellular portion of LAG- 3 molecule (D1-D2) . Fig. 5 shows 
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Animals reacted positively at the site of TT 
injection with little or no erythema (without appreciable 
induration) was observed at the site of injection of the 
negative control, i.e., the glycerin control present in the 
Multitest CMI Merieux (Fig. 7A) . After the first DTH all 
animal reactiuiib' were strongest at 24 hours and then declined, 
and all were negative 7 days after induction. 

After the second DTH induction all animals responded 
positively at the site of injection of TT (Fig. 7B) . In the 
control group receiving anti-FSH antibody the response was 
similar to that observed during the first DTH. In the group 
treated with anti-LAG-3 mAb {11E3) , the DTH score from Day 2 to 
Day 5 was stronger that in the control group and was prolonged, 
i.e. was still detected when no reaction was visible in the 
control group (Day 6 to Day 8) . 

This data indicates that anti-LAG-S antibodies can 
polarize the differentiation of naive Th cells towards Thl in 
vivo and thus modulate an in vivo reaction which is commonly 
associated with Thl cells. This observation is in agreement 
with the observation that anti-LAG-3 antibodies are able to 
prolong in vitro the proliferation of antigen specific T cell 
clones (Huard et al., 1996)- 

Having now fully described this invention, it will be 
appreciated by those skilled in the art that the same can be 
performed within a wide range of equivalent parameters, 
concentrations, and conditions without departing from the 
spirit and scope of the invention and without undue 
experiment at ion • 

While this invention has been described in connection 
with specific embodiments thereof, it will be understood that 
it is capable of further modifications. This application is 
intended to cover any variations, uses, or adaptations of the 
inventions following, in general, the principles of the 
invention and including such departures from the present 
disclosure as come within known or customary practice within 
the art to which the invention pertains and as may be applied 
to the essential features hereinbefore set forth as follows in 
the scope of the appended claims. 

- 23 - 



970a69SA1_IA> 



wo 97/03695 



PCT/US96/11994 



22. Pizzolo, G., Vinante, F,, Morosato, L. , Naali, G., Chilosi, 
M., Gandini, G., Sinicco, A., Raiteri, S., Semenzato, G. , 
Stein, H., Perona, G. 1994. High serum level of soluble form of 
CD30 molecule in the early phase of Hiv-i infection as an 

5 independent predictor of progression to AIDS. AIDS . 8:741. 

23. Caligaris Cappio, P., Bertero, T. , Converso, M. , Stacchini, 
A., Vinante, P., Romagnani, S., Pizzolo, G. 1995. Circulating 
levels of soluble 0330, a marker of cells producing Th2 type 
cytokines, are increased in patients with Systemic Lupus 
Erythematosus and correlate with disease activity. Clin. Exp. 
Rheumatol . 13:339-43. 

24. Clerici, M., Shearer, G. 1993. A Thl/Th2 switch is a 
critical step in the etiology of HIV infection. Immunol. Today . 
14:107. 

25. Mills, J. A. 1994. Systemic Lupus Erythematosus. N. Bnal. J. 
Med. . 330:1871. 

20 

26. Griffin, D.E., Ward, B.J. 1993. Differential CD4 T-cell 
activation in measles. J. Infect. Dia. ^ 168:275. 

27. Selmaj, K. , Raine, C.S., Cannella, B., Brosnan, CP. 1991. 
25 Identification of lymphotoxin and tumor necrosis factor in 

multiple sclerosis lesions. J. Clin, invest. . 87:949. 

28. Liblau, R.S., Singer, S.M., McDevitt, H.O. 1995. Thl and 
Th2 CD4* T cells in the pathogenesis of organ- specif ic 

30 ^"toimmune diseases. Immunoloov Today . 16:34-38. 

29. Cole, E.S., Lee, K. , Lauziere, K. , Kelton, C, Chappel, 
S., Weintrau, B., Perrara, D., Peterson, P., Bernasconi, R., 
Edmunds, T., Richards, S., Dickrell, L., Kleeman, J.M., 
McPherson, J.M. , Pratt, B.M. 1993. Recombinant huunan thyroid 
stimulating hormone: Development of a biotechnology product 
for detection of metastatic lesions of thryoid carcinoma. 
Biotechnni ngy^ 11:1014-1023. 

- 28 - 



BNSDOCID: <WO_0703e9SA1JA> 



wo 97/03695 



PCTAJS96/11994 



References 

1. Triebel, P., S. Jitsukawa, E. Baixeras, S. Roman-Roman, C. 
Genevee, E. Viegas-Pequignot, and T. Hercend. 1990, LAG- 3, a 
novel lymphocyte activation gene closely related to CD4. J. 
Pxp. Med., 171:1393. 

2. Baixeras, E., B. Huard, C. Miossec, S. Jitsukawa, M. 
Martin, T. Hercend, C. Hauffray, F. Triebel, and D. Piatier- 
Tonneau. 1992. Characterization of the lymphocyte activation 
gene 3- encoded protein. A new ligand for human leukocyte 
antigen class II antigen. J . Exp . Med . . 176:327. 

3. Huard, B., P. Gaulard, F. Faure, and F. Triebel. 1994A. 
Cellular expression and tissue distribution of the humaji LAG- 3 
encoded protein, an MHC class II ligaind. Immunoaenetics . 
39:213. 

4. Huard, B., M. Toumier, T. Hercend, F. Triebel, and P. 
Faure. 1994B. Lymphocyte -activation gene 3/major 
histocompatibility complex class II interaction modulates the 
antigenic response of CX)4* T lymphocytes. Eur. J, Immunol. . 
24:3216. 

5. Huard, B., P. Prigent, F. Pages, D. Bruniquel, and F. 
Triebel. 1996. T-cell MHC class II molecules downregulate T- 
cell proliferation following LAG- 3 binding. Eur. J. Immunol . . 
26:1180-1186. 

6. Mosmann, T.R., H. Chetwinski, M. Bond, W. Giedlin, and R. 
Coffman. 1986. Two types of murine T-cell clone. I. Definition 
according to profiles of lymphokine activities and secreted 
proteins. J. Immunol, , 136:2348. 

7. Del Prete, G.F., M. De Carli, C. Mastromauro, R. Biagiotti, 
D. Macchi, P. Falagiani, M. Ricci, and S. Romagnani. 1991. 
Purified protein derivative of MyoJbacterium tuberculosis and 
excretory/secretory antigen (s) of Toxocara canis expand in 



- 25 - 



wo 97/03695 



PCT/US96/11994 



What Is Claimed Is: 

1. A method of isolating Thl cells, comprising the 

steps of: 

contacting a sample containing Thl and Th2 cells with 
a solid support having antibodies, or fragments thereof, 
specific for LAG- 3 immobilized thereon to bind Thl cells; 

isolating Thl cells bound to the antibodies, or 
fragments thereof, immobilized on the solid support. 

2. The method according to claim 1, further 
comprising the step of removing T cells in the sample which are 
unbound to the antibodies immobilized on the solid support. 

3 • The method according to claim 1 , wherein the 
solid support is an affinity chromatography column. 

4. The method according to claim 1, wherein the 
solid support is magnetic or paramagnetic beads. 

5. A method of isolating Thl cells, comprising the 

steps of: 

IcdDeling antibodies, or fragments thereof, specific 
for LAG- 3 with a fluorescent compound; 

contacting a sample containing Thl euid Th2 cells with 
the labeled antibodies, or fragments thereof, specific for LAG- 
3 to bind the labeled antibodies, or fragments thereof, to Thl 
cells; 

isolating Thl cells bound to the labeled antibodies 
by a fluorescence activated cell sorting device. 

6. A method of treating infectious diseases, cancer 
and disorders associated with an imbalance in the population of ■ 
Thl and Th2 cells, comprising the steps of: 

obtaining a sample containing Thl and Th2 cells from 
a patient to be treated; 

isolating Thl cells from the sample in accordance 
with claim 1 or claim 5 from a patient to be treated; 

es^anding the isolated Thl cells ex vivo; and 

administering the expanded Thl cells by reinfusion 
back into the patient to be treated to increase the phagocyte 
dependent host defense of the patient. 
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14. A method for diagnosing a Thl-mediated disease 
or disorder, comprising the steps of: 

reacting a sample of human fluid with an antibody, or 
fragment thereof, specific for soluble LAG- 3; and 

measuring the amount of soluble LAG- 3 in the sample 
of human fluid thac is bound to the soluble LAG- 3 specific 
antibody, or a fragment thereof, to diagnose the presence of a 
Thl -mediated disease or disorder. 

15. A method for treating Thl -mediated diseases 
comprising directing a cytotoxic agent to cells expressing the 
LAG- 3 protein on the surface thereof so as to selectively kill 
said Thl lymphocytes* 

IS. The method according to claim 15, wherein said 
cytotoxic agent is attached to an antibody, or fragment 
thereof, specific for LAG-3. 

17. A method of enhancing a Thl -mediated immune 
response, comprising the step of: 

administering to a subject in need thereof a 
pharmaceutical composition conqprising an antibody, or fragment 
thereof, specific for LAG- 3, to polarize the differentiation of 
ThO cells to Thl cells • 

18. Use of a cytotoxic agent directed to cells 
expressing the LAG- 3 protein on the surface thereof for the 
manufacture of a drug for the treatment of Thl -mediated 
diseases . 

19. Use of an antibody, or fragment thereof, 
specific for the manufacture of a drug for LAG- 3 to enhance 
Thl -mediated immune response. 

20. Use of ex vivo expanded Thl or Th2 cells for 
the manufacture of a drug for treatment of infectious diseases, 
Thl -mediated diseases, cancer, and disease and disorders 
associated with an imbalance in the population of Thl and Th2 
cells., 
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7. A method of treating infectious diseases, cancer 
and disorders associated with an imbalance in the population of 
Thl and Th2 cells, comprising the steps of: 

obtaining a sample containing Thl and Th2 cells from 
a patient to be treated; 

contacting antibodies, or fldyraents thereof, specific 
for LAG-3, with the sample to bind Thl cells to the antibodies, 
or fragments thereof; 

separating Th2 cells from bound Thl cells; 

expanding the unbound Th2 cells ex vivo; 

administering the expanded Th2 cells by reinfusion 
back into the patient to be treated to increase the phagocyte 
independent host defense of the patient, 

8. The method according to claim 7, wherein said 
separating step is performed by means of a fluorescence 
activated cell sorting device. 

9. The method according to claim 7, wherein, in said 
contacting step, the antibodies, or fragments thereof, specific 
for LAG- 3, are immobilized on a solid support, 

10. The method according to claim 9, wherein the 
solid support is an affinity chromatography column. 

11. The method according to claim 9, wherein the 
solid support is magnetic or paramagnetic beads. 

12 • A method for detecting the presence of Thl 
lymphocytes comprising assaying lymphocytes for the expression 
of the LAG- 3 protein on the surface thereof^ whereby detection 
of the presence of said LAG- 3 protein is indicative of the 
lynphocyte being of the Thl type.' 

13. The method according to claim 12, wherein said 
assaying step further conprises the steps of: 

labeling antibodies, or fragments thereof, specific 
LAG -3 with a fluorescent compound; 

contacting a sample containing lymphocytes with the 
labeled antibodies, or fragments thereof, to bind the labeled 
antibodies, or fragments thereof, to Thl cells; 

measuring the amount of Thl cells in the sample by 
flow cytometry. 
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